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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
Drviston oF ENTOMOLOGY, 
Washington, D. C., July 18, 1901. 
Str: [have the honor to transmit herewith the manuscript of a paper 
entitled *‘The fall army worm and variegated cutworm,” prepared 
with his customary thoroughness by Mr. F. H. Chittenden, of this 
Division. The insects are both important crop pests and of wide distri- 
bution, the former ranging from the West Indies to the Great Lakes, 
the latter cosmopolitan, but while known to entomologists, general 
farmers, and truck growers for many years, their life histories have 
never before been made out. This complete account of these species 
will be of great interest to the economic entomologists of the country, 
and it contains ideas and suggestions of much practical value. I rec- 
ommend the publication of this paper as Bulletin 29, new series, of 
this Division. 
Respectfully, L. O. Howarp, 
Entomologist. 
Hon. JAMES Wrison, 
Secretary of Agriculture. 
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Perr A Ie. 


The season of 1899 was marked by extensive outbreaks of the fall 
army worm (Laphygma frugiperda 8. & A). During that season it 
was as injurious perhaps as any other insect, as it was destructive to a 
much longer list of crop plants and over a vast area of territory; in short, 
this attack was unprecedented in the insect’s history. The species 1s 
common in most seasons and familiar to practical workers in ento- 
mology and to observing persons interested in agriculture, but, 
although it has been known as injurious for many years, its full his- 
tory has never been investigated in all its details in any single locality, 
nor have any very complete accounts been published concerning it. 

It was hoped during the season of 1900 to ascertain certain points 
as to the insect’s life habits and economy that might have a bearing 
upon the practical treatment of the species as it occurs in the field and 
garden. For this reason many facts in relation to its biology learned 
during the season of 1899 were withheld from publication to await 
further observations. The season of 1900 was a disappointment as 
regards opportunity for the study of this insect, it seemingly having 
disappeared, at least as a pest, throughout the country. This experi- 
ence is confirmatory of an opinion, held by the writer for some time 
in regard to this and several other species of similar distribution and 
of probable southern origin, that certain atmospheric and other condi- 
tions destroy them in such great numbers in their more northern range 
during the late fall and in the winter that few of the insects are left to 
propagate the species the following season, and that, when these more 
northern localities become restocked with large numbers of the insects, 
such reproduction has been due mainly to the flight of moths from 
southern localities where these conditions have not prevailed, and 
where they multiply in more nearly normal numbers in swamp land 
and similar locations. 

It is to be regretted that the missing data can not be supplied, as it 
seems unwise to delay the publication of the ascertained facts await- 
ing more favorable conditions for observations which may not again 
offer for a year or two, or perhaps longer. The present account is as 
complete as can well be furnished at this time, and it is presented 
herewith in connection with a report of a similar outbreak of a cut- 
worm which occurred during the season of 1900. That season was 
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remarkable for cutworm outbreaks in various portions of the country. 
Most prominent of the species concerned in injury was the variegated 
cutworm (Peridroma saucia Huebn.), this species in fact replacing 
the fall army worm as the injurious army worm of that year. Injury 
was to a still longer list of crop and other useful plants, but was 
somewhat more restricted than in the case of the fall army worm, 
although more or less damage was inflicted over a considerable portion 
of the United States and Canada, indicating that infestation was more 
general than reported. The principal losses were sustained on the 
Pacific slope from northern California to British Columbia. 

The life history of the variegated cutworm is somewhat better 
known than that of the fall army worm, but something remains to be 
learned of both species. 

The fall army worm and variegated cutworm differ considerably in 
habits, as also in distribution, for, whereas, the former feeds normally 
upon grasses, grains, and other Graminew, and less seldom injures 
garden vegetables and other plants except when driven to attack them 
by hunger, the latter is a regular inhabitant of the garden. Both are 
of growing importance as pests, and, as such outbreaks are apt to 
recur in the near future, it is desirable to place on record all known 


facts in regard to them. 
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THE FALL ARMY WORM AND THE VARIE- 
GATED CUTWORM. 


INTRODUCTION. 


The history of economic entomology shows that. nearly every year 
there are outbreaks of one or more species of caterpillars, which, from 
their habit of migrating in great numbers, have come to be famil- 
iarly termed ‘*‘army worms.” The normal habit of these caterpillars 
is the same as that of others of their kind, which includes cutworms. 
In ordinary seasons they feed chiefly on the grasses or weeds on which 
the parent moth has laid her eggs, or they may be present and feed- 
ing in our gardens, fields, and pasture land in small numbers, doing so 
little damage that their presence is not. noticed. No class of insects 
however, are more subject to fluctuation in numbers in different sea- 
sons. When, therefore, for any reason their numbers become unduly 
increased, they first devour every form of vegetation that is palatable 
to them growing in their immediate neighborhood, and when this food 
has become exhausted they march in armies in search of other means 
of sustenance. 

In recent years several army-worm outbreaks haye been observed 
and recorded. The year 1896 was marked by an unprecedented out- 
break of the true army worm; the year 1899 by a similar incursion of 
the fall army worm, and in 1900 the variegated cutworm became the 
most destructive of these species. 

In 1899 the fall army worm ravaged a considerable portion of the 
United States east of the Rocky Mountain region. This species feeds 
by preference on grasses and related plants, and so frequently assumes 
the migratory habit that it has come to be classified as one of our prin- 
cipal army worms, second only to the army worm proper (Leucan/a 
unipuncta Haw). The unusual and widespread abundance of the fall 
army worm during the season mentioned, and in many States where it 
had not previously been known as the cause of serious trouble, was the 
more remarkable since not a single specimen of this insect was received 
the previous year from any of our many correspondents, although a 
few individuals were noticed by the writer and others in the vicinity 
of the District of Columbia, and because so few outbreaks have been 
reported since that year, one of these also in the District of Columbia. 

Although the species is to be found ordinarily everywhere in the 
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astern half of the United States, and it is tolerably well known, par- 
ticularly in the South, as distinct from the true army worm, even to 
those not well versed in entomology its life history has not been thor- 
oughly investigated in any single locality to the writer’s knowledge. 
A search through available literature fails to show that the larva has 
been described in its various stages. 

A third species of caterpillar, the spotted cutworm (Voctua c-nigrum 
Linn.), was also at work during the season of 1900, doing, however, 
less injury than the other species mentioned. Reports show that this 
insect was unusually destructive in Indiana and Connecticut and along 
the northern shore of Lake Ontario, where it seemed to take the place 
of the variegated cutworm which was so injurious in the western part 
of Canada. The species was also rather more abundant than usual 
in Maryland and Virginia. As with the two preceding species, it was 
destructive to all sorts of garden and root crops, and in one instance, 
observed in Connecticut, assumed the army-worm habit. 

A preliminary notice of the injurious occurrences of the fall army 
worm was given in Bulletin No. 23 (n. s.), and similar articles on the 
variegated and spotted cutworms were published in Bulletin No. 27. 

The two species which form the basis of the present publication 
have not the same origin, and are therefore of quite different distri- 
bution. It follows as a matter of course that a corresponding dissimi- 
larity exists in their life economy. 

The fall army worm is undoubtedly of Southern origin, and proof 
will be furnished to show that in its constant endeavors to obtain a per- 
manent footing farther north than its natural range it is thwarted every 
few years by meteorologic conditions, the extreme cold of our more 
Northern States causing its death in great numbers in its hibernating 
quarters. On this hypothesis it would seem that the reappearance of 
the species in years after its destruction is to be accounted for by 
migrations of the moths from the South northward. The variegated 
cutworm, there is little doubt, is a foreign introduction, and was 
probably brought from the Old World at an early date, as the species 
has been known to naturalists for a considerable period. 

Outbreaks of these and other species which travel in armies are 
frequently the cause of extreme alarm among farmers, fruit growers, 
and others whose crops are infested, and there is usually considerable 
apprehension of the reappearance of these insects in future seasons. 
As a consequence, it happens in army-worm seasons that the Division 
of Entomology of this Department and the entomologists of the various 
experiment stations are besieged as to the probabilities of further 
attack and the means to be employed in the destruction of the insects, 
so that a repetition of injury the next season can be averted. 

It should be stated for the benefit of the general reader that the term 
army worm has been applied to several insects which have the habit 


11 


of congregating and migrating in great numbers. The common army 
worm and the wheat-head army worm are common forms. <A few 
other species which occur in North America should be added. Among 
these are the erratic army worm (Noctua fennica Tausch.), which is 
known as the black cutworm in ordinary seasons; the cotton army 
worm, known commonly as the cotton worm (Aletia argillacea Hbn.), 
and the forest tent caterpillar so-called (CUstocampa disstria Hbn.). 
All of the species mentioned belong to the Noctuidee, with the excep- 
tion of the last, which isa Bombycid. A name that has recently been 
proposed for this last is the forest army worm. 

All of these species differ considerably in habit, and in order to pre- 
scribe the proper remedies it is necessary to have a thorough under- 
standing of the insects’ habits; in fact, frequent inquiry is made by 
those interested in the subject as to the full life histories of these 
species. 

While it is matter of entomological history that a repetition of gen- 
eral outbreaks by army worms, or species referred to as such, seldom 
follow in successive years, still it is wisdom to guard against such a 
contingency, and, at the first intimation of the presence of the insects 
in numbers, to institute radical measures for their suppression. To 
those skilled in entomology there is little difficulty in recognizing the 
moths as well as the larve of these species, and this it is confidently 
believed will be facilitated by the illustrations and descriptions which 
are here given; but it is advised that those who feel unable to determine 
these insects beyond peradventure promptly send the material found 
to some one competent to make correct identifications, so that appro- 
priate measures of control may be adopted without delay. 

In the case of the irruptions of the fall army worm in 1899, and its 
scarcity the following year, there are reasons, which have been briefly 
mentioned and which will presently be set forth in greater detail, that 
we can assign for depletion in numbers following injurious attack. 
But the life economy of the variegated cutworm is so different that no 
reason for the lessening of the numbers of this insect during the pres- 
ent year (1901) can be conjectured other than that parasites, and 
perhaps some other natural enemies which were observed at work late 
in the season of 1900, would have, at least locally, a beneficial effect. 
It is possible, however, that diseases, either fungous or bacterial, 
might have been present in many of the regions over which the insect 
ranged in destructive numbers last year without their coming under 
the notice of anyone capable of determining them, and it is perhaps 
possible also that the condition of the weather in the Pacific States, in 
Kansas, and in some other States where this cutworm was especially 
destructive might have operated against overmultiplication. 

These are points that remain to be studied in the life history of both 
the fall army worm and the variegated cutworm. 
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The occurrence of the fall army worm in numbers so far north as 
the District of Columbia in 1900 is somewhat indicative of a repetition 
of attack, for, although the species has apparently been practically 
killed out in the. locality of this irruption, farther south conditions 
more favorable to the insect’s development have been met with, and 
it may be that outbreaks will again occur in the near future. The 
‘arly occurrence of this species in Texas in April, 1901, is still more 
suggestive, and it may be that this is the precursor of outbreaks 
through the Southern States. 

Of the variegated cutworm it has already been stated that there are 
no reasons, except the historic fact that repetitions of severe outbreaks 
seldom happen in successive years, why this insect should not be trouble- 
some in 1901 as it was in the previous year, although it is improbable 
that the attacks, if any occur, will be so serious as those of 1900. 
Whether or not either of these species becomes injurious during the 
next year or two, it is well, to employ a hackneyed expression that 
has been much used lately, ‘Sin time of peace prepare for war.” It is 
desirable, therefore, to have a proper understanding of these species, 
that remedies may be applied in time and that the future may not 
witness the very serious losses that were encountered through the 
ravages of these two insects, the one in the East, in 1899, and the other 
in the far West, in 1900. 


THE FALL ARMY WORM. 


(Laphygma frugiperda 8. & A.) 


The fall army worm, or grass worm as it is also called in the South, 
like the common army worm, feeds normally on grasses and grains 
and certain forms of weeds, particularly such as belong to the Grami- 
nez or grass family, but will attack in its seasons of abundance almost 
any form of vegetation that is encountered in its line of march. At 
such times it becomes a pest in garden and orchard, on lawns and in 
greenhouses, as well as in pastures and in fields of grain. In most 
years it seems to be particularly destructive to winter wheat and other 
cereals, grasses, and other graminaceous plants, but it often does 
damage earlier in the season to various other crops. It especially 
attacks young corn in a very similar manner to the corn-ear worm, 
the young larve devouring the tender folded leaves and, as they 
increase in size, sometimes burrowing into the heart and destroying 
the forming ears. 

The moths are nocturnal, and their eggs are deposited in clusters 
on grasses or other food plants, and (when these insects occur in 
abundance) often also on the leaves and twigs of trees, on the outer 
walls of buildings, and in similar locations. 

The larvee are frequently so dark in color as to readily escape recog- 
nition except when they are moving in numbers, particularly as it is 
their norimal habit to conceal themselves during the daytime deep 
under grasses and to feed mostly at night, or at least not in the heat 
of the day. 

A feature of this insect’s attack, and one from which it derives its 
popular name of fall army worm, has always been emphasized, viz, 
that it seldom travels in numbers or does appreciable injury except in 
the fall. It is seldom noticed, therefore, except in the extreme South, 
earlier than the first of August, while the outbreaks of the common 
army worm usually occur prior to that time and seldom later. 

There is practically no doubt that there are two or three generations 
of this species produced each year in its normal range, and, in seasons 
which favor its development, each succeeding generation usually 
becomes more destructive than that which preceded it; hence its great 
abundance late in the season, when it causes most destruction. 

The infested territory during the season of 1899 comprised a very 
considerable portion of the United States east of the Rocky Mountains, 
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injury extending from portions of New York and New Jersey south- 
ward through Florida to Cuba and westward to Texas, and extending 
from there to Kansas, Nebraska, Ohio, Indiana, and Illinois. Infesta- 
tion was rather general, perhaps more so than reported, along the 
Atlantic coast. It was also quite severe in some regions in the West. 


DESCRIPTION OF THE MOTH. 


The moth which produces the fall army worm is a member of the 
Noctuids, the same family as that of the true army worm, Leucania 
unipuncta, which includes the parents of the cutworms. These two 
moths, however, are quite unlike each other, Laphygma frugiperda 
being more nearly related to the genus Prodenia than to Leucania. 

The moth is quite variable, there usually being in most lots two 
distinct forms. What appears to be the commonest form, at least 
the present year about the District 
of Columbia, is shown in the accom- 
panying illustration (fig. 1 a). The 
fore-wings are rather dull grayish- 
brown above, and show in this color 
variety a pattern more or less simi- 
lar to the one figured. The hind- 
wings are glistening white, with 
rosy reflections; the posterior por- 
tion of the border is more or less 
infuscated near the fringe, which 
has an inner dark line at this point; 
and the veins of this portion of the 
BE raaiia puiperda: ceuanth qlte hind-wings are dark and distinct. 

gray form; }, fore-wing of Prodenia-like In the more ornamental form of the 

form: «ara extend sonia oth the fore-wings have the ap- 
view—d, twice natural size; others enlarged pearance shown at 6. In this form 

Te ca or aaa aa ae the insect looks very much like an 
owlet moth of the genus Prodenia, bearing particular resemblance to 
P. ornithogalli. The fore-wings are mottled or variegated with black 
and white, reddish-brown, and sometimes with pale bluish, yellowish, 
and other tints. The expanse of the fore-wings is from an inch to an 
inch and three-eighths. The great variability in the colors of adults 
appears to be unexplained, as extreme varieties of both forms figured 
may be found issuing from the same lot of larvee and, indeed, proba-_ 
bly from the same batch of eggs.’ 


BRIEF DESCRIPTIONS OF THE EARLIER STAGES, 


Since detailed technical descriptions of the egg and the different 
stages of the larve are presented, shorter popular descriptions, with 


1 Tt was noticed in a fairly large series of this moth reared by the writer during 
1899 that the dull gray-colored individuals were mostly females, while the orna- 
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the accompanying illustrations, will suffice for practical purposes for 
the identification of these stages. 

The egg. —At a of figure 2 the egg is shown above from the side, very 
much enlarged, and from above in the lower figure. The diameter is 
about half a millimeter, or about one thirty-second of an inch; but as 
the eggs are deposited in clusters of from 50, 60,and more, they may 
readily be detected in the exposed places on blades of grass and on 
leaves selected by the parent for their deposition. The surface is 
ribbed, as illustrated, and the color is dull white, with a pearly luster. 
The whole egg mass is covered with mouse-colored down from the 
body of the parent. 

The newly hatched larva.—The larva when first hatched is quite 
unlike the full-grown caterpillar, the head being much larger in pro- 
portion and the body more hairy, presenting the appearance shown at 
cof figure 2. Its general aspect at this stage is nearly black, but after 
feeding the young larva becomes greenish, 
taking this color from the food which it has 
eaten. In this illustration the larva is neces- 
sarily shown lighter than in nature, in order 
that the hairs and markings may be seen. 

The mature larva.—The same variability 
observed in the coloring of the mature in- 
sect is seen in the caterpillars. When full 
grown they measure about an inch and a see phe cl ey ane 
half in length. The larve resemble the egg from side in upper figure; 6, 
common army worm in many particulars, Soule Letitea te ROR Crea 
and especially is this true of the lighter magnified; 5, somewhat enlarged 
forms. (original). 

The body is striped on a ground color which varies above from pale 
yellowish-brown, dull dark olivaceous or purplish-brown, to black, 
more or less strongly streaked and intermixed with dull yellow. 
Three thin stripes of pale yellow extend along the dorsal surface 
through the thoracic shield to the anal extremity. The dorsal or mid- 
dle line is nearly straight, and the subdorsal ones are feebly sinuate 
with the prominence of each segment. On each side there is a broad 
yellow undulating line, more or less strongly mottled with red, partic- 
ularly in the vicinity of the abdominal legs. The ventral or lower 
surface is paler, varying from dull yellow to greenish, sometimes very 


mental or Prodenia-like forms were represented chiefly by males. In response to 
inquiry as to whether this rule held good in series from other sources, Dr. John B. 
Smith wrote, under date of February 3, that such was not the case, and that there 
are some localities where only the dull forms have been found, and others where 
only bright forms are obtained, but that where the two forms occur together in one 
locality it is quite possible that the Prodenia-like forms may be mostly males. Both 
sexes, however, may be found in both forms. 
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strongly mixed with red. Even in the darkest forms the strie: shown 
_in the illustration (fig. 2 c, 7) can as a rule be readily made out. The 
striated appearance, however, is usually weaker than in the larva of 
the common army worm, and the larger and more prominent black 
piliferous tubercles and the hairs proceeding from them with which 
the body of the fall army worm is marked will alone serve to distin- 
euish this insect from the army worm proper. In the latter the pil- 
iferous warts are minute and inconspicuous and the hairs so short that 
the body appears nearly smooth by contrast. The fall army worm is 
the smaller and slenderer and the entire body, including the head and 
cervical shield, is usually much darker. 

An illustration of the army worm is presented at figure 3 for com- 
parison. 

The head also presents good characters for the separation of these 
two larve. That of the fall 
army worm is smaller in pro- 
portion to the length of the 
body, nearly black, and with 
a white inverted Y-shaped 
mark in front not possessed 
a by the army worm. These 
differences may be easily 
recognized by comparison of 
the heads of the two species 
shown in figure 4 at @ and 6, 

The pupa.—As shown in 
a the illustration (fig. 1 ¢), the 

b pupa differs but little from 
Fic. 3.—Leucania uni- Fie. 4.—a, head of larva of that of the army worm, Save 

puncta; larva—about Laphygma frugiperda; b, of in its smaller size. It is of 
ea ee aie oeeet ie the usual form and shining 
mahogany-brown color of 
cutworm pup, lighter when first transformed and darker when 
approaching maturity. The anal segment ends in a pair of minute 
spines. The spiracles and a considerable proportion of the integu- 
ment surrounding them are larger and much more prominent than 
in the pup of the army worm, this character appearing to be suffi- 
cient to distinguish between the two species at this stage. The length 
is about five-eighths of an inch (18-16 ™™). 


TECHNICAL DESCRIPTIONS OF THE EGG AND LARVA. 
[By Harrison G. Dyar, Ph. D.] 


Eggs in a close double layer, one above the other, more or less covered with fine 
gray down from the moth; spherical, well-rounded, the base a little flatter than the 
apex, uniform; vertical ribs numerous, about 60, small, joined by distinct crossbars 
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nearly as large as the ribs themselves and forming rectangular or slightly hexagonal 
areas; above, the ribs do not diminish till near the vertex, where they become con- 
verted into reticulations, smaller toward the micropyle; color, pearly pink; diameter, 
5 mm. 

Stage .—Head rounded, bilobed, about as high as wide, clypeus triangular, half 
as high as the head, without perceptible paraclypeal pieces; labrum quadrate and 
with the mandibles projecting; shining jet black; antennee moderate, pale; setze short, 
pointed; width .25 mm. Cervical shield straight before, rounded behind, jet black, 
bearing 4 setze on each side; two more (of which one is scarcely visible) detached 
posteriorly, laterally; prespiracular and subventral tubercles single-haired; anal plate 
semicircular, dusky blackish. Body whitish, slightly translucent, tubercles large, 
round, black, with very distinct, short, black, pointed sete. Arrangement normal, 
no subprimaries; on joints 3 and 4, ia and iia small, ib and iib large, all well sepa- 
rated and equally spaced; iv and vi single-haired; on the abdomen i, ii, and iii large, 
equal, i and ii on joint 12 approximately in a square, iv behind the spiracle and with 
v as large as the dorsal ones. Leg shields small, quadrate, black; ventral tubercles 
minute, also black. Feet of joints 7 and 8 slightly smaller than those of joints 9 and 

°10. After feeding the larva becomes green from the food. 

Stage I7.—Head round, slightly bilobed, shining black; width .4 mm. Body as 
before, a little thicker, and joints 12 more distinctly enlarged; cervical shield black; 
anal plate not cornified, pale like the body, shaded with gray on the sides. Color 
whitish, with faint traces of dorsal, subdorsal, lateral, and stigmatal lines. Tubercles 
large, black, and distinct as before, the subprimary ones present. Hairs short, stiff, 
black. Thoracic feet black, the others pale, with dark shields. 

Stage I1[.—Head round, shining black, the sides covering the eyes and sutures of 
clypeus, pale luteous; width .65 mm. Shields and tubercles shining black, tubercles 
large, setee coarse and black. Body greenish gray, dorsal and subdorsal lines whitish, 
straight, narrow, and even; ground color darker laterally, ending in a blackish shade 
touching tubercle iv, defined on the ventral side. A broad, pale, substigmatal band; 
subventer grayish green, shading to the scarcely paler venter. Body uniform, joint 
12 very slightly enlarged. 

Stage TV.—Head black, paraclypeal pieces and labrum pale whitish, sides no longer 
pale, but filled in with black mottlings; rounded, slightly bilobed, shining; width 1.1 
mm. Cervical shield black, bisected, not strongly cornified; anal flap dusky; tuber- 
cles large, black. Body greenish gray, dorsal, subdorsal (at tubercle ii), and traces 
of narrow lateral lines pale, as before; substigmatal line broad, white, mottled with 
greenish and divided by a central band of this color. Feet dusky; sets distinct, 
black, rather long. 

Stage V.i—Head rounded, slightly bilobed; clypeus large, the paraclypeal pieces 
nearly attaining the vertex; mandibles prominent; brown-black, sides mottled with 
pale, especially posteriorly, paraclypeal pieces white, as also the vertical suture; 
labrum pale, width 1.8 mm. Body cylindrical, normal, joint 12 very slightly 
enlarged, feet nearly equal. Above dark brown, a little dotted with pale, venter more 
greenish, but also brown mottled. Dorsal line pale, nearly obsolete except on the 
thorax and anal plate; subdorsal line distinct, white, straight, a little broken on 
joints 12 and 13; stigmatal band broad, sharply edged, not inclosing the spiracles, 
white, nearly filled in with dark red mottlings. Feet all dusky; cervical shield sooty 
black, not strongly cornified, cut by dorsal and subdorsal lines; anal plate dusky, 
with two white spots, formed by the broken dorsal line; tubercles distinct, black, 
with short, stiff, black setee. 

Stage VI.—Head rounded, bilobed, clypeus large, the paraclypeal pieces reaching 
three-fourths of the distance to the vertex; brown-black, sides posteriorly mottled 
with pale, sutures white, all as before; width 3 mm. Body as before, joint 12 very 
slightly enlarged, feet equal. Blackish brown above, varying in shade, the lateral 
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space tending to be darker, as also a space each side of the dorsal line; venter pale 
greenish, densely mottled. Dorsal line whitish, as broad as the subdorsal and regu- 
lar, but much fainter; subdorsal line mottled with pinkish, straight. The pale mot- 
tlings of the body are heavier between tubercles i and ii and across tubercle iii, sug- 
gesting obsolete lines. Slight black streaks bordering the subdorsal line below. 
Substigmatal band broad, sharp, the edges a little irregular, white, filled in with pale 
red mottlings. Feet all dusky; cervical shield black, very narrowly cut by white 
dorsal and subdorsal lines; anal plate dusky, cut by pale dorsal line, with a constric- 
tion anteriorly. Tubercles cornified, distinct, dark brown, largest on joints 12 and 
13; tubercle iv on joint 5 is opposite the upper corner of the spiracle, on joints 6 and 
7 below the middle, on 8 at the middle, on 9 above the middle, on 10 at the upper 
corner, on 11 low down halfway between the spiracle and tubercle vy, and on joint 12 
opposite the lower corner of the spiracle. Setze short, rather stiff, dark. 


DISTRIBUTION OF THE SPECIES. 


The distribution credited by Dr. Smith (Bul. 44 U. S. Nat. Mus., 
p- 168), taken together with divisional records of occurrence, shows 
that this insect is generally distributed from Canada and Maine south 
to Florida and the other Gulf States, and west to Colorado and Mon- 
tana. It is known also in Jamaica, Brazil, and Cuba. 

Judging by the locality list cited above, which was published in 
1893, it would seem probable also that the insect has widened its nat- 
ural range since that time, as it was stated to occur westward only as 
far as Kansas and Nebraska, and Maine was not included among the 
northern localities. It was troublesome about Chicago, Ill., for the 
first time in 1890, and recently has been reported by different entomol- 
ogists from several northern regions. These include Kittery and 
Orono, Me. (reported, respectively, by Messrs. Thaxter and Slinger- 
land), and St. Anthony Park, Minn. (Lugger). The most western 
locality in Montana is Miles (Davis), and in Colorado, Fort Collins 
(Gillette). The most northern locality in New York State is Number 
Four (Lintnez). 

This insect is undoubtedly native to North America as well as South 
America and indigenous to the United States. Its occurrence in 
Brazil and in Central America and its greater abundance in semitrop- 
ical portions of the United States would indicate that it was originally, 
although not in very recent times, a tropical species. At present it is 
more at home in the Southern States, in the Lower Austral zone, where 
unusual opportunities are afforded for its increase in swamp land, 
unong wild riceand rank grasses, but it is also thoroughly acclimatized 
nearly throughout the Carolinian portion of the Upper Austral zone, 
and appears to be gradually working its way northward, the extreme 
northern localities mentioned being located well within what is consid- 
ered the Transition zone.' It is evidently destined to further invade 


'The mere record of the capture of this insect in the most northern localities noted 
can scarcely, in the writer’s opinion, be taken as positive evidence of its establish- 
ment there. It would seem more plausible that the insect had not bred in such 
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the Transition zone in course of time, although it will probably not 
be injurious much north of the Upper Austral for many years to 
come. 


NAMES OF THE INSECT. 


Few native species of insects have had applied to thema greater variety 
of common names. Beginning with the first name proposed by Smith 
and Abbot of corn-bud-worm moth, we have grass worm and grass cater- 
pillar applied in the fifties, and in later times wheat cutworm, army 
cutworm, grass worm, southern grass worm, army worm, fall army 
worm, Daggy’s corn worm, and grass army worm. To this list was 
added during 1899 by Nebraskans ‘‘alfalfa worm,” and by Floridans 
‘** buck worm.” 

The scientific nomenclature includes: Phalena frugiperda 8. and 
A., Trigonophora frugiperda (Geyer), Laphygma (misspelled La- 
phrygina) frugiperda (Guenée), Laphygma signifera Waik., Prodenia 
autumnalis Riley, and Laphygma macra Gn. (misspelled machra by 


Glover). 


REPORTED OUTBREAKS IN 1899. 


In addition to the outbreaks which will be here recorded it should 
be said that the list of localities, although considerable, by no means 
shows the extent of the ravages of this pest. Many correspondents 
reported ‘the army worm” in their vicinity, and many requests were 
received for circulars of information concerning the army worm 
where there was little doubt that the fall army worm was the species 
concerned.’ No specimens of the insect were received from many 
such correspondents; hence the list of localities, which would consider- 
ably augment that which will be presently given, must necessarily, for 
scientific accuracy, be omitted. 

The first reported instance of injury during the season of 1899 was 
from Mr. M. Cronly, who wrote, June 19, of damage to the rice crop 
in the vicinity of Wilmington, N. C. Specimens accompanied this 
letter, as also all other reports which will be here cited. 

July 6 Mr. W. T. Hopkins wrote that this species was present in 


the cotton worm, which is sometimes to be found in great numbers in New York, 
and even in Canada, while there is no reason for believing that it breeds tarther 
north than the northern border of the cotton belt; in fact it is almost certain that it 
does not breed north of there. It is possible, also, that the fall army worm dies out 
every year or two in the coldest localities in which it breeds, owing to the rigors of 
winter weather, but is restocked in after years. 

1 Leucania unipuncta was received with reports of injury during the year 1899 only 
from single localities in each of four States, Kentucky, South Carolina, Louisiana, 
and Virginia. 
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peas, and grass, extending its depredations over a considerable terri- 
tory and in some places completely consuming young corn. It was 
impossible to use Paris green at this time, as the corn was too tall for 
the purpose, and the larvee were, moreover, all over the ground and 
over all vegetation in the neighborhood.’ 

During the latter half of July the writer observed this insect in 
considerable abundance in the unfolded leaves and young ears of corn 
at Marshall Hall, Md., and in great numbers on grasses in the experi- 
mental plats of the Department grounds, being particularly injurious 
on the creeping bent (Agrostis stolonifera), which it practically 
destroyed.* 

During August many reports of injury were received. The first 
was from Mr. C. A. Hart, Urbana, Ill., who sent larve found at 
Arcola, in the same State, feeding on leaves of corn. On the 5th Mr. 
E. D. Sanderson brought larve received from Mr. A. T. McCallum, 
Red Springs, Robinson County, N. C., with report that they were 
injuring corn, millet, sweet potatoes, cowpeas, and other vegetables at 
that place. On the 22d Mr. W. H. Stennett wrote concerning this 
species, inclosing a clipping from a Chicago daily, and reporting the 
appearance of the caterpillars simultaneously at Chicago and at Evans- 
ton, Ill.’ Injury in Chicago was most marked upon lawns; larvee were 
also observed to attack white clover, and were noticeable on young 
blue grass. 

August 24 Mr. Adam Wechsler, New Glatz, Prince George County, 
Md., brought larvee that were ravaging a field of sowed corn in that 
vicinity and were spreading into a field of spinach. Mr. Wechsler 
expressed the belief that he would probably lose both crops. The 
same day Col. Wright Rives, Rives, Md., reported attack on millet at 
his place, the insects being so abundant as to cause fear that they 


‘Our correspondent stated that it had been very wet in his vicinity all of the pre- 
ceding year and until late that spring, after which the rain had been very light and 
insects of various kinds had been unusually troublesome, but what bearing those 
conditions could have had on the enormous numbers of the insects is not obvious. 

*A feature of this latter outbreak was that injury was at first believed to be due to 
the work of the sooty corn-root webworm (Crambus caliginosellus Clem.), the only 
insect that could be found July 17, when the attention of the writer was first called 
to the injury. A small grass-feeding billbug, Sphenophorus parvulus Gyll., was also 
present in large numbers and in all stages, as was also a minute wireworm, Mono- 
crepidius bellus Say. Specimens of white grubs in the first stage (Lachnosterna spp. ) 
were also taken. Injury was undoubtedly due mainly to the fall army worm, 
although the root webworm and billbug were also in sufficient numbers to make 
their presence felt. This is a good example of what is often to be found where only 
a single species is reported as responsible for injury. 

* From Mr. Stennett’s letter and from the newspaper account it appears that this 
invasion of caterpillars was preceded by one of the milkweed butterfly, Danais 
archippus ( Anosia plexippus), which species was described as descending in a cloud 
in certain parts of the city. 


21 


would destroy the entire crop. The following day Mr. Charles Deer- 
ing, of Chicago, Ill., wrote concerning the outbreak previously noted 
in that city and suburbs. The grass upon his own lawn, of perhaps 
2 acres, seemed quite dead in parts that lay mostly in the sun. The 
same day Mr. Joe V. Walz, Evansville, Ind., wrote concerning an 
attack of this species on corn in his vicinity, the farmers there com- 
plaining that this was a new species of corn worm. It was described 
as attacking and boring into the center of the stalks and eating out the 
heart. August 29 we received a telegram from the Evanston Press, 
Evanston, Ill., stating that the army worm was destroying lawns in 
that city. Request was made for information for publication, and the 
reply by the writer, who was at that time in charge of the Division, 
was published in the Evanston Press for September 2. The same day 
word was received from Hon. G. W. Koiner, Richmond, Va., that 
this species was destroying corn and millet near that city. On the 
31st of August Dr. W. W. Anderson, Statesburg, 5. C., wrote that 
these caterpillars were eating up the grass and destroying the hay 
crop, as well as garden vegetables, all over the State. The caterpillars 
were said to be much more numerous than usual. 

September 7 we received specimens from Dr. A. D. Hopkins with 
information that the species was destructive in lawns in Morgantown, 
W.Va. The following day Mr. H. Meislahn, Clarcona, Fla., reported 
that this insect, locally known as ‘‘ buck worm,” was attacking 
‘**Teosinte” (uchena mexicana), » useful graminaceous forage plant 
resembling Indian corn. The same day Mr. W. K. Westone, Con- 
garee, 5. C., reported that it was very destructive to upland rice in 
that vicinity. It was stated that the habit of the larva was to attack 
the foliage of the rice in its tender state, afterwards eating the heads 
and destroying the grains. September 11 Mr. G. L. Grant, editor of 
the Florists’ Weekly Review, Chicago, Ill., sent specimens of the egg 
masses, together with moths, with the report that the eggs had been 
deposited in large numbers on the side of a stone wall. The moths 
had also invaded a greenhouse and covered the plants with eggs. 

October 4 we received from Mr. Thomas I. Todd, Athens, Ga., 
larvee of this species, together with others found injuring the leaves of 
the turnip crop of that vicinity. Later he wrote that the ** worms” 
were so numerous as to almost cover the public roads. Nearly all 
when observed were traveling west or southwest. On the 13th we 
received iarve from Mr. Warren Knaus, McPherson, Kans., with the 
statement, conveyed in a letter of October 17, that they were very 
destructive to growing wheat near Conway, Kans. October 28 Mr. 
J.C. Vida, mayor of Camajuani, Matanzas, Cuba, sent specimens with 
the report that this species was concerned with two other caterpillars, 
both evidently native to Cuba and unknown to us, in a severe attack 
upon pasture land as well as young tobacco. 
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November 4 Dr. E. P. Felt, Albany, N. Y., reported, on the 
authority of Mr. M. F. Adams, that there bad been injury to lawns 
at Buffalo, N. Y. 

In January, 1900, Mr. Webster informed the writer that the fall 
army worm had been injurious in Ohio the previous fall, and named 
Haverhill, Scioto County, Buck Run, Adams County, and Urbana, 
Champaign County, as localities in that State where the insect had 
been reported in destructive numbers. 

February 3, 1900, Prof. J. B. Smith wrote that this insect had been 
injurious in New Jersey the previous season and for the first time in 
his experience. It attacked clover, grass, and wheat. 

The fall army worm became the subject of some newspaper com- 
ment, and quite a number of newspaper paragraphs, in addition to 
those which have been cited, appeared in reference to the pest, par- 
ticularly in Chicago dailies. In one of these the insect was identified 
as the boll worm, //eliothis armiger, and the *‘ kissing bug” was stated 
to be an effective destroyer of the ‘‘ worms.” Insome instances injury 
was confused with that of certain caterpillars which infested fruit and 
shade trees. In some other journals published farther west, however, 
the ravages of this insect were noticed, and the identification vouched 
for by entomologists. 

According to Press Bulletin, circular series No. 2, University of 
Nebraska, by Prof. W. D. Hunter, which reached the writer after the 
reports previously recorded, injury was very severe in that State, par- 
ticularly to alfalfa, whence the name *‘ alfalfa worm,” which became 
very generally applied to the caterpillars. The species was identified 
from Johnson, Gage, Nemaha, Saline, Fillmore, Douglas, Washing- 
ton, and Dodge counties, and was also reported from Boyd and Daw- 
son counties. In some localities the alfalfa fields suffered the loss of 
the third cutting. Many beet fields were attacked, also those of corn, 
Kafir corn, wheat, oats, cabbage, and grasses. Cowpeas, millet, and 
other general and truck crops, according to Prof. E. D. Sanderson, 
were infested in that State. 

The editor of the Indiana Farmer stated in his issue of September 2, 
1899, that the fall army worm was reported in the corn fields and gar- 
dens within 4 miles of Indianapolis in large numbers. In a subse- 
quent issue, September 9, it‘was reported on the authority of A. C. 
Harvey that this insect had made its appearance at New Lafayette, 
Ind. The larvee started from a piece of oats ground which had been 
plowed up for wheat; the army had crossed into a tender millet 
patch and devoured it, and was at the time of writing in buckwheat. 

In the Ohio Farmer of November 2, 1899, complaint was made by a 
correspondent of injury to wheat by this species at Haverhill, Ohio. 
“The worms” were doing much damage, taking ‘‘the fields clean as 
they go.” An answer to this letter was given by Mr. Webster, with 
short notes on the insect’s habits and suggestions as to remedies. 
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A list of localities where injuries were noticed in the State of Illi- 
nois during 1899, together with a short general account of this species, 
was given by Messrs. Forbes and Hart in Bulletin No. 60 of the Uni- 
versity of Illinois Agricultural Experiment Station (pp. 497, 498, 
1900). The actual localities in Illinois where attack was observed 
include, besides Chicago and its suburbs, Quincy, Meredosia, Arcola, 
Urbana, Villaridge, and Champaign. 

A brief report of the occurrence of the fall army worm in Nebrask¢ 
in 1899 was given in the Thirteenth Annual Report of the agricul- 
tural experiment station of that State (1890, pp. 47, 48). The actual 
list of localities infested included Tecumseh, Beatrice, Crete, Hast- 
ings, Fremont, Northbend, Gothenburg, and Butte, and the crops 
infested included alfalfa, sugar beets, rye, white clover, and blue 
grass. At Northbend and Gothenburg the *‘ worms” were reported 
as destroying grass growing on lawns. 

Writing May 12, 1900, Mr. N. L. Willet, Augusta, Ga., stated that 
this species was injurious in that locality the previous summer, doing 
a great deal of serious damage, principally to velvet beans grown as a 
forage crop. On the 19th of the same month Mr. G. G. Hood, China 
Spring, Tex., reported this species in his vicinity. He stated that 
this insect, with the common army worm (Leucania unipuncta), speci- 
mens of which he sent, had been present in his section the preceding 
year after a rainfall of 30 inches the first of July. They stripped the 
alfalfa fields and did considerable damage to wheat, young corn, and 


sorghum. 
OCCURRENCE IN 1900. 


Stranger still than the occurrence of the fall army worm in 1899 was 
its apparent nearly complete disappearance the following season. Up 
to September 17, when the writer captured a single moth at a light 
in this city, no word had been received from any of our correspond- 
ents of the occurrence of this insect, in spite of numerous inquiries in 
regard to it. In all perhaps upward of seventy people had been writ- 
ten to in regard to possible injurious occurrences in 1900, and, although 
many of our correspondents were good observers, the insect was not 
seen by them. 

October 12 we received information from Mr. W. R. Beattie, of the 
Division of Botany, that an insect which he had mistaken for the boll 
worm was doing great damage to corn on the Potomac Flats, near the 
Department of Agriculture. The species concerned in the injury 
proved to be Laphygma frugiperda, present in all stages at this time 
and in the greatest abundance, the corn plat infested being a complete 
ruin. The fact had first been noticed about the middle of September, 
but from the appearance of the leaves and stalks it was obvious that 
the insects had begun work a little earlier. Another and an unrecorded 
food plant was observed—the chick-pea (Cicer arietinum), which was 
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being grown experimentally in a near-by plat. All of the pods of the 
last-mentioned crop were empty, and in some cases larvee of this 
species were present in them, though the principal damage was doubt- 
less due to the boll worm or corn-ear worm (//eliothis armiger), which 
was also present. f 

Attack was noticed in the same locality also to crab-grass, rutabaga, 
hollyhock, and lambsquarter (Chenopodium album). 

In Bulletin 186 of the Michigan State Agricultural College Experi- 
ment Station, bearing date of December, 1900, and issued in 1901, 
page 30, Mr. R. H. Pettit makes mention of a similar small outbreak 
of this species at Chatham, Alger County, Mich., on corn, which he 
states was badly affected upon the station grounds, the insect entering 
the ear and burrowing into the kernels, both when they were in the 
milk and later, in the same manner as is done by the corn-ear worm. 


OCCURRENCE IN 1901. 


In 1901, Mr. Darden Edgar, Edgar, Dewitt County, Tex., sent 
larve, which were about three-fourths grown at the time of their 
receipt, May 4, which he had found attacking stalks of young corn in 
the usual manner described in previous accounts of this species. Some 
were found in the ‘* buds” and some in the stalks. The species had 
not been noticed in that locality in previous years by Mr. Edgar, who 
is a good observer, and although the larve did not occur in great 
abundance in that vicinity at the time of writing, it seems quite prob- 
able that this occurrence is a precursor of more severe attack and that 
a later generation may do serious damage in the Southern States, at 
least locally, and that the insect may even spread northward to regions 
where it was destructive in 1899. 

Mr. W. J. Young also wrote in regard to injuries in Louisiana, 
stating that the insect was noticed nearly every year, but had not been 
so destructive since 1882 or 1888. It was noticed in several different 
parts of a field where the larvee had literally eaten the leaves off of 40 
acres of sugar cane ranging from small shoots to cane 2 feet high. A 
piece of corn just tasselling was cleaned of every leaf, and in 20 acres of 
young corn they ate the entire heart or ** bud” out. They burrowed 
into a great many stalks of corn at the first and second joints from 
the ground, disappearing into the stalks. The ground was described 
as being at this time ‘*just full of them changing from the worm to 
the moth.” Some neighbors complained of the same trouble, and on 
some plantations where there was nothing growing but cotton the 
worms ate that. August 25 our correspondent sent specimens of the 
moth from Whiteville, La., with report that the larve had apparently 
disappeared entirely at this time. The cane, however, was perma- 
nently injured. About 60 per cent of the wrapper blades were dead 
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to the ground, but the lower eyes on the cane had sent out sprouts, 
showing an entire deterioration of that part of the stalk. 

August 24 Mr. Sam. P. Saltus wrote of injury by this species, oe 
ing that it did much damage in the vicinity of Gillisonville, 5. C., 
grass intended for hay. Ina patch of 4 acres sown in peas, al me . 
cut for hay, all the grass was destroyed in about two days, but the pea 
vines were left untouched. The same was noticed in fields of cotton. 


} HISTORY AND LITERATURE. 


The original description of the fall army worm appeared in Smith 
and Abbot’s Natural History of the Lepidopterous Insects of 
Georgia (1)' in 1797, or one hundred and two years before the time 
of the last general outbreak. Even at that early date it was recog- 
nized that the species was a very destructive one, Guinea corn and 
other kinds of grain being then known as food plants, the larva being 
stated to feed on the bud or main shoot of the plant within which it 
| lives. This account, which includes suggestions as to remedial treat- 
ment, is illustrated by a colored plate showing the different stages 
and the two common varieties of the adult. 

The economic literature of this species is very considerable and an 
effort will therefore be made to confine references to such publications 
as bear upon the history of outbreaks of the insect or upon its life his- 
tory and habits. 

It was not until the year 1855 that the insect appeared to have 
again attracted attention by its ravages, although there can be no doubt 
that it was injurious from time to time in different portions of the 
Southern States during that Be In that year Townend Glover, 
in his report on cotton insects (3), gave a fair account of this species, 
paying particular attention to ravages in the State of Georgia in 1854. 
Mention is made also of injury in 1845, reported by a Colonel Whit- 
ner at Tallahassee, Fla., to grass, corn, sugar cane, and upland rice. 
Glover’s notice of injury refers pavticnlarly to grass, young grain, 
and cotton, and he stated, among other things, that Pnaenede had 
been known in which these caterpillars, ur ed by necessity, actually 
devoured stalks of fodder that were stored away for winter consump- 
tion. Deep ditches cut in the earth to stop them were immediately 
filled up by the multitudes which fell in and perished, while eager 
millions still rushed over the trembling and half-living bridge formed 
by the bodies of their late companions, bent on their mission of 
destruction and devastation.” 

During the year 1868 three accounts appeared by Joseph B. Lyman, 
M. D. Landon, and the late C. V. ehuley- The account of the first 
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1The numbers in parentheses ( ) refer to ee numbers in the nee 
graphical list appended. 
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writer appeared in Cotton Culture (4), the species being designated as 
‘the army worm.” The illustration furnished, however, shows that 
Laphygma frugiperda was the insect under discussion. The account 
of the second author mentioned is made under the head of ‘‘ The grass 
aterpillar,” and refers to the now well-known habit of this larva of 
being frequently found in cotton fields, where it does little damage, 
provided weeds, grasses, or other vegetation more palatable to it are 
present for it to feed upon. He states that the insect was the source 
of much amusement on his plantation of Helena, Ark., during 1867. 
The gist of the story is that Mr. Landon was congratulating himself 
upon having the grass and weeds devoured by this insect in his cotton 
field, when to his disappointment no sooner had the grass worm finished 
its mission and left the rows clean than the cotton worm made its 
appearance, presumably in great numbers, although this does not 
appear clear from the published statement. Dr. Riley’s first account 
was published in his first report as State entomologist of Missouri (7) 
under the name of ‘*‘ Wheat Cutworm.” Injury was noted to wheat, 
oats, and grasses and only in the State of Missouri. 

In succeeding years Dr. Riley reported injuries in various localities. 
In 1870 (American Entomologist, Vol. I, p. 48), in joint authorship 
with B. D. Walsh, he made brief mention of this species, proposing 
for it the name Prodenia daggy/, but without description. Subse- 
quently (I. c., p. 329) he made mention of ravages by: this insect in 
many parts of Missouri and Illinois eee that year, and furnished 
figures of the larva. Later (I. ¢., p. 340) mention was made of inju- 
ries at Ottawa, Kans., and ee “es! and still later (pp. 363-365) 
the moth was figured and described in detail under the name Prodenia 
autumnatis in a fuller account. The last two articles mentioned were 
incorporated in one in the Third Missouri Report, published in 1871 
(12). 

In Glover’s report, as Government entomologist for 1872 (13), brief 
mention was made of injury during that year by this insect to corn, 
grass, and pea crops in Georgia. — 

In 1878 Dr. Cyrus Thomas (16) gave a short account of this species, 
referring to an outbreak in about the year 1873 in Washington County, 
Ill., when ‘‘sad havoc” was done to winter wheat. 

In the year 188i Dr. Howard visited the rice fields in the vicinity 
of Savannah and Atlanta, Ga., and Columbia, 5. C., where injury was 
noted to other crops than rice, larvee being observed eating grass, 
cabbage, strawberry, and bean plants. At this time remarkable evi- 
dence of cannibalism was noticed, in one locality the older worms 
destroying the younger ones by hundreds, and this when plenty of 
other food was at hand (23). 

{n 1884 there was a considerable outbreak in Illinois, as described in 
detail by Prof. S. A. Forbes in his report as State entomologist for 
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that year (27), and in Kansas as reported by Prof. F. H. Snow (26). 
The first-mentioned account is the most complete published to date, 
and includes a revision of the literature, description of the different 
stages, observations on the life history, natural enemies, and a consid- 
eration of preventives and remedial treatment. 

The occurrence of this species in 1885 and 1889 at Lafayette, Ind., 
was noted by Prof. F. M. Webster in 1890 (80). 

In 1892 an outbreak in Louisiana was brought to the attention of 
Prof. H. A. Morgan, of the experiment station of that State (88). 
Corn and pea crops were destroyed that year by immense numbers of 
the caterpillars, particularly along the Black and Ouachita rivers. 

The species was unusally abundant and destructive during the 

autumn of 1896 and in the late spring and early summer of 1897 in 
Florida, and was the subject of a six-page bulletin by Mr. A. L. 
Quaintance, at that time entomologist of the experiment station of 
that State (44). 
_ Mr. Hunter’s press bulletin, which bears date September 23, 1899 
(47), on this insect has already been mentioned, and subsequent accounts 
which have not been referred to will be duly cited in the bibliograph- 
ical list which concludes the present article. 


DIVISIONAL RECORDS OF INJURIES AND OCCURRENCES. 


The Divisional records of injuries by the fall army worm prior to 
1899, showing the wide distribution and great injuries done by the 
insect, are extensive, though somewhat incomplete in the earlier notes 
made. 

December 5, 1878, Mr. William J. Jones, Virginia Point, Tex., 
mentioned the occurrence of this species in his vicinity, but with no 
notes as to injury. The same is true of the receipt of specimens of 
the eggs, January 27, 1880, from Prof. J. H. Comstock, taken at Jack- 
sonville, Fla. 

August 27, 1881, we received larvee from Dr. Howard, from Savan- 
nah, Ga., with report that there were millions of them crawling about 
in the vicinity at that time. August 29, Dr. Howard sent material 
from Columbia, S. C. October 22, we received complaint from Mr. 
D. H. Bradley, Pickens Court-House, S. C., of what was with little doubt 
this species, and of injuries to fodder, cotton, grass, etc. November 
12 of the same year we received larvee from Mr. George E. Ladshaw, 
Pacolet Depot, Spartansburg County, S. C., with report that this 
insect damaged-corn in that vicinity. 

September 11, 1883, we received specimens from Prof. J. E. Willet, 
Macon, Ga., with the report that they were observed on Bermuda 
grass, Cynodon dactylon, and had nearly denuded three-fourths of a 
bed of turf. 
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A considerable outbreak of the fall army warm occurred during 
1884, as evidenced by Divisional as well as by published records. 
During May of that year we received caterpillars from Prof. A. J. 
Cook, Lansing, Mich., with report that they were doing fearful dam- 
age in parts of that State, ‘‘eating everything,” and being often so 
thick that when walking over a meadow from a dozen to a hundred 
would be killed at each step. Subsequently we received another lot 
of material from the same source of what proved to be the black cut- 
worm or erratic army worm (Noctua fennica Tausch.), which was 
evidently the principal species causing the injury referred to. August 
9 we obtained moths of this species from eggs collected in the District 
of Columbia on the leaves of hickory. August 15 we received larvee 
from Judge Lawrence C. Johnson, Holly Springs, Miss., with the 
statement that they injured the stalks of corn in that vicinity. August 
19 larvee were received from Mr. R. W. Jones, Oxford, Miss., who 
wrote that they were devouring all the grass in that vicinity. Sep- 
tember 17 we received material from Mr. F. M. Webster, Oxford, 
Ind., the insect being reported injurious to young wheat. October 11 
we received from Mr. E. W. Allis, Adrian, Mich., specimens with the 
report that the insects were doing considerable damage to early sown 
wheat. October 16 caterpillars were received from Mr. Eli C. Fisk, 
Havana, Ill., who stated that they were doing immense damage to 
young whe: i hundreds of acres having been destroyed at that time. 

October 10, 1885, Mr. Warren Knaus, Salina, Kans., wrote that 
these larvee were eating up the rye and doing apparent damage to 
wheat in that vicinity. November 20 of the same year we received 
from Mr. F. M. Webster specimens of this insect in all stages, bred 
from volunteer corn at Lafayette, Ind. 

November 21, 1888, we received specimens of the eggs on a section 
of lemon leaf from Mr. C. J. K. Jones, Louisville, Ky., and Novem- 
ber 18 of the next year we received from Mr. F. M. Webster speci- 
mens with the statement that they were feeding on corn. Both of 
Mr. Webster’s notes are recorded in Bulletin 22 (0. s., p, 46). 

October 11,1893, Prof. R. H. Price, College Station, Tex., sent larvee 
with the report that they were crawling over the ground by the mil- 
lion and eating ‘*‘ nearly everything.’ 

No further reports of injury were received until 1897, when Mr, 
Cyrus W. Butler, St. Petersburg, Fla., sent larvee early in July, where 
they were eating the leaves of sandspur grass and crawling about rap- 
idly, as is their wont, in search of other food. It was observed that 
they did not touch Wee weed growing among the grasses. August 
9 we received from Miss Louise Morris, Athens, Ga., larvee with 
report that they were destroying violets and that thousands were 
observed in the surrounding grass. August 27 Mr. Charles H. Will- 
son, Longridge, Berkeley County, S. C., wrote concerning -this 
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species, with the statement that it had appeared suddenly ia the corn- 
fields of that neighborhood and had eaten the grass clean; corn had 
not been injured to any extent, and at the date of writing the larvee 
had disappeared. September 11 and 12 Mr. Orris A. Browne, Cape 
Charles, Va., wrote of injury to Scotch kale, stating that the insects, 
specimens of which he sent, and which included both this species and 
the common army worm, had gone over 20 acres of his crop. 

The adult of this species issued during the third week of October 
from larve received from Mr. P. H. Dorsett on greenhouse violets at 
Garrett Park, Md., September 20 and 29; 1898. 


REVIEW OF REPORTED OUTBREAKS. 


Although in many years outbreaks were noted only ina single State, 
there is reason for believing that, in the earlier years particularly, 
injury was much more extensive than reported. A review of recorded 
outbreaks and those reported to this Division show injury in 1845 in 
Florida; in 1854 in Georgia;. in 1866 in Kansas; in 1868 in Missouri; 
in 1870 in Missouri, Kansas, and Illinois; in 1872 a second irruption 
in Georgia; in 1873 a second outbreak in Illinois; in 1874 an irruption 
attributed to this species in South Carolina, Georgia, and Alabama; in 
1881 a third outbreak in Georgia, and a more extensive one in South 
Carolina, from which we may conclude that Florida was probably also 
invaded at the same time. In 1883 still another invasion of Georgia 
was reported, and in 1884 we have record of the first known outbreak of 
any extent. The insect was noted that year in Michigan, Illinois, Kan- 
sas, Indiana, and Mississippi. The following year it made its appear- 
ance in destructive numbers in Kansas, and its occurrence was noted 
also in Indiana. In 1892 injury was noticed in Louisiana, and the fol- 
lowing year in Texas. In 1896 an irruption occurred in Florida, and 
the following year again in that State, as also in Georgia, South Caro- 
lina, and Florida, injuries being particularly severe in the last men- 
tioned State; but there is reason for believing that the outbreak was 
more extensive than reported, since small armies were noticed that 
year by the writer in the vicinity of the District of Columbia, indica- 
ting the probability of injurious occurrences between here and the 
Southern States. 

The outbreak of 1899, as may readily be gathered by the perusal of 
the preceding paragraphs, was of greater severity than ever before 
noticed, and, judging by reports, perhaps as extensive as all other 
known injurious occurrences of earlier years combined. To briefly 
summarize the occurrences of the year 1899, it will be seen that irrup- 
tions were noted in the East and North from western New York west- 
ward to Indiana, and northern Illinois southward to Florida and 
Georgia and probably the remainder of the cotton States, westward 
again to Kansas and Nebraska. Complaints also reached us from Cuba. 
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In 1900 two comparatively small outbreaks of this species were 
observed at Washington, D. C., and at Chatham, Mich., as previously 
reported. In 1901 to date of going to press injurious occurrences 
have been reported in Texas, Louisiana, and South Carolina. 


FOOD PLANTS. 


Grasses, as previously stated, are the preferred and evidently 
original food plants of the fall army worm, but when the caterpillars 
have bred in unusual numbers and have exhausted the grasses and are 
traveling in armies in search of new food they are less discriminating 
in taste, being able to subsist on nearly any kind of succulent vegeta- 
tion that may be encountered in their line of march, including even 
the leaves of trees. 

Cereals are next in order after grasses as larval food plants, corn 
being a prime favorite, while rice, wheat, rye, oats, millet, and Kafir 
or Guinea corn are often severely injured. Barley, for some reason, 
does not appear to have suffered much from attack. The ‘* worms” 
are especially fond of young and tender grasses and grains, and infes- 
tation is more frequently noticed on newly planted winter wheat and 
other cereals following grasses or cereals in rotation of planting. 
Crowfoot and crab grass are noted as favorite grasses in the South, 
and millets are much affected everywhere. Creeping bent was pre- 
ferred to any other plant on the Department of Agriculture grounds 
in 1899. 

It is apparent that the species has become, perhaps from periodical 
overmultiplication necessitating frequent migrations, somewhat of a 
general feeder even in nature. Among other field and forage crops 
injury has been noted to sugar cane, buckwheat, alfalfa, clover, cow- 
pea, chick-pea, velvet bean, sugar beets, cotton, tobacco, and teosinte 
(Euchena mexicana). Few instances are on record of the caterpillars 
subsisting to any extent upon weeds other than Graminez. Purslane 
is mentioned as a food plant by Riley (8th Mo. Rept., p. 48). 

Attack on cotton has frequently been noted, but according to obser- 
vation this is scarcely a favorite food. The insects merely attack 
cotton when grasses or cereal crops in the immediate vicinity have 
been consumed, seldom effecting much damage. Grasses growing 
between rows of cotton and other crops are often attacked, and the 
insect in such cases can be considered as rather beneficial than other- 
wise, provided its numbers are not such as to exhaust this food and 
drive it to attack useful plants. 

Pea vines among garden vegetables constitute a choice food, and we 
have records of injury to sweet potato, spinach, turnips, tomatoes, 
potatoes, cucumbers, cabbage, beans, and strawberries. 

Vineyards are also subject to attack, the larve having been noticed 
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doing great damage by gnawing around the stems and causing the 
bunches of grapes to fall. 

Of fruit trees, attack to the foliage of peach, apple, and orange is 
recorded, and egg masses have been taken on the leaves of lemon, 
hickory, and sycamore. Riley has stated that even spruces are subject 
to attack. Of its occurrence on fruit trees, Hubbard (in speaking 
of its feeding on the orange) says that ‘‘although the young cater- 
pillars eat the leaves to some extent, they soon find their way to some 
other and more succulent food plant.” It is obvious, therefore, that 
the feeding of the fall army worm on the foliage of trees is quite 
exceptional, and due usually to the fact of the eggs having been 
deposited on the leaves of the trees, since mature larve are scarcely 
if ever seen on trees. There is a possibility that the maturing larvee 
may attack the leaves of the trees when driven to it through scarcity 
of other food, but this is doubtful, since these larvee prefer low-growing 
plants. 

It would seem probable that it might be a matter of common occur- 
rence for the species to invade greenhouses when unusually abundant 
on grasses and other vegetation in the vicinity, but our records show 
only injuries to violets among hothouse plants. 

Instances of extreme foods are to be found when stacks of fodder 
are attacked, as instanced by Glover (5), previously mentioned. 

It is not alone the leaves of plants that are injured, as was known in 
Smith and Abbot’s day upward of a century ago. The caterpillars 
delight in eating into the hearts of their food plants, cutting into the 
still folded leaves of corn and even boring into the ears after the man- 
ner of the boll worm or corn-ear worm (//eliothis armiger),' devouring 
alike husk, silk, and unripe seeds. 


OBSERVATIONS ON THE LIFE HISTORY. 


The life history of the fall army worm, as previously intimated, has 
not yet been studied as carefully in any single locality as its impor- 
tance as a pest deserves. Even the stage or stages in which the insect 
passes the wirter were in doubt until 1900. 


HIBERNATION. 


That it did not hibernate in the egg condition in the latitude of the 
District of Columbia was proved by the writer in 1899. During Sep- 
tember of that year we had under observation great numbers of egg 
masses on grasses and on the walls of buildings in the vicinity of grass, 
and every mass hatched. A lot which was kept in our insectory under 


1 Like the boll worm and some species of cutworms, the fall army worm is inclined 
to be carnivorous at times, and even cannibalistic, devouring laryze smaller than 
itself, and thus attacking its own species. 
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conditions suitable to the development of most insects, and which 
hatched from eggs deposited September 16, died after descending into 
the sand and while still in the larval condition. Another lot of larve 
received October 4 from Athens, Ga., gave forth adults during the 
second week of November. The consensus of opinion of writers on 
the subject is that the insect probably hibernates as pups, with a 
smaller percentage of individuals passing the winter months as adults. 

A large number of larvee were obtained from the field and divided 
into two equal lots, one being placed on grasses and weeds on the 
Department grounds, and confined by means of a large cover. The 
remainder were placed upon sand in a large rearing cage having the 
same sized cover and kept out of doors, where they were fed on 
fresh grasses and weeds from day to day. About a dozen of the sec- 
ond lot died while feeding, as a result of a cold spell with rain, which 
lasted for some little time, and the remainder, as far as could be ascer- 
tained, all perished as pupz in their earthen cocoons before trans- 
forming tomoths. Similarly, the lot placed on the ground transformed 
and entered the earth, but no moths issued. 

It is practically proved that all egg masses deposited late in autumn 
produce larvee, and in the most northern limits of the insect, where 
cold weather sets in much earlier, it is probable that of these larvee 
only a very small percentage survive the average winter, and that the 
latest appearing generations in northern localities are the progeny, 
at least in many instances, of moths which have developed in, and 
migrated from, more southern localities earlier in the season. 

From experience with four lots of the fall army worm under vary- 
ing conditions and in different soils, the following deductions have 
been made in regard to pupation: 


PUPATION. 


When full grown the larvee enter the earth to a depth of froma 
quarter of an inch to not more than an inch and a quarter, the average 
appearing to be about half an inch, the depth not varying at all accord- 
ing to the brood or the season, those transforming to pupa in late 
October and early November doing so at the same depth as others 
observed in August and September. 

Pupation of all individuals observed in early fall occurred in little 
earthern cells, which were nearly erect or more or less inclined, the 
head in all cases being nearest the surface, and those observed in com- 
pact earth had smooth walls, made by the constant revolving of the 
pupa within; but occasionally pupe were not thus protected. Most 
individuals which came under observation in cool October weather, 
and representing a later generation—in short, the last that can be 
produced in a region as cool as the District of Columbia—spun up 
more or less substantial cocoons of earth, lining them with an unusual 
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amount of silk (for a Noctuid), from which fact alone it might be sur- 
mised that hibernation took place within them as pupa, even did we 
not know, as previously stated, that all eggs that have come under 
notice hatched during the fall, and sufficiently early to permit of the 
Jarve reaching full development. 

Prof. F. M. Webster writes, May 13, 1901, that he had a similar 
experience with this insect, meeting with no better success in rearing 
the moth. He placed a large number of larvee in a breeding cage, 
saw them feed and then go into the ground, but from that time onward 
they seemed to have totally disappeared, **as though an earthquake 
had swallowed them up.” He further states that the records of the 
Ohio station do not show that this species was ever reared to the adult. 

These experiences, it seems to the writer, are proof conclusive that 
the species, being a Southern one, is unable to withstand our winters 
and our sudden changes. It seems equally certain that hibernation 
takes place exclusively as pupa in a climate like that of Wooster, Ohio, 
and the District of Columbia and northward, since it is hardly to be 
supposed that a Southern species could survive the rigors of a North- 
ern winter in the moth state. 


NUMBER OF GENERATIONS. 


The number of generations produced annually has been stated to be 
at least two (possibly three for central Hlinois, according to Forbes), 
and three for the South. The number will vary according to climate 
and season, and the writer surmises that at least three generations are 
produced in a climate like that of the District of Columbia, and that 
four or more may develop farther south. This is a matter requiring 
investigation, particularly in the Southern States. 


SUMMARY OF LIFE HISTORY. 


Our limited knowledge of the life history of the fall army worm 
makes it impossible to present a complete summary, but the hypo- 
thetical life cycle is about as follows: 

It has been stated that larve of the first generation appear in May 
and June (locality not mentioned), and this statement is undoubtedly 
true for some regions. The earliest appearance of the moths in any 
single locality does not appear to have been recorded, or if it has it 
has escaped the writer’s observation. 

The period of the egg has been ascertained only for October in 
moderately cool weather, and it is ten days. This period will vary 
according to temperature during the period of incubation. 

The larval and pupal periods of the different generations remain to 
be observed, but the former we know must be subject to extreme 
variation and the latter will, judging from analogy, not be much 
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different from the periods, that may in the future be observed, for 
the egg where pup and eggs are subject to the same atmospheric and 
other conditions. 

Present knowledge indicates that the number of generations that are 
normally produced each year is two in the most northern range of 
this species (in years when it develops northward), three for central 
localities like central and southern Illinois and the District of Columbia, 
and probably four for the extreme South. We know, however, prac- 
tically nothing of the development of this species in the Gulf States. 

Hibernation, according to recent observations in the District of 
Columbia, takes place exclusively in the pupal state, and it seems 
probable that this is so elsewhere. The reasons for this statement are 
that eggs deposited in late autumn have invariably hatched, and that 
pup kept in the nearest obtainable natural conditions have not devel- 
oped moths during winter. In a more favorable environment farther. 
south hibernation would, without much doubt, have been successful, 
and the moths would have issued early in spring. Furthermore, had 
moths been obtained during winter from material under our observa- 
tion it does not seem within the bounds of possibility that any would 
have sustained life in our variable climate. 


NATURAL ENEMIES. 


It has been stated with reason that there is perhaps no prominent 
injurious insect, at least none of the periodically destructive species, 
in whose economy natural enemies play so important a part as the 
common army worm; and this is toa certain extent true of quite a 
number of other pests with similar habits. It was natural to expect, 
therefore, that the fall army worm might, at least in its latest appear- 
ing generations, fall a prey to some naturalenemy. For some reason, 
however, these natural checks did not materialize to any extent, at 
least with the exception of birds they were not at all active during 
the year of this outbreak in the vicinity of the District of Columbia. 
A different condition of affairs, however, obtained in some other 
localities. 


ENEMIES OBSERVED DURING 1899. 


Soon after the outbreak of caterpillars was first noticed on the 
Department grounds in 1899 afew English sparrows were observed on 
the infested plats; their numbers increased daily, and there is no 
doubt that in this particular place they depleted to a very consider- 
able extent the numbers of this insect as well as ef the others which 
were concerned in the injury. The sparrows were actually observed 
by Dr. Sylvester D. Judd, of this Department, in the act of devouring 
the larval fall army worms. 
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In a Chicago newspaper clipping received in August mention is 
made of an ‘‘outbreak of sparrows” in one portion of Chicago where 
they were attracted in thousands by ‘‘ grub worms.” It seems prob- 
able that they were also destroying fall army worms which were ray- 
aging the lawns in that city at the time. 

September 1 Mr. Deering, of Chicago, wrote that the larve had 
nearly all disappeared at that time, evidently having gone into the 
ground, and that birds, especially flickers, were very efficacious in 
lessening the numbers of the pest. 

Among larve that were received at this office from Rives, Md., were 
a few that were parasitized, as was shown by the eggs of a Tachinid 
fiy present on their bodies on or near the thoracic segments. From 
these the adults were obtained from the 4th to the 9th of September, 
and were identified by Mr. Coquillett as Winthemia quadripustulata 
Weid.,! or red-tailed tachina fly, a species of wide distribution in the 
United States and Europe and a well-known parasite of this pest. 
During the fall of 1884 at least 50 per cent 
of the larvee collected in Illinois showed the 
eggs of this parasite. 

This Tachina fly is figured herewith (fig. 5). 

Until comparatively recent times the Ta- 
china flies were generally believed to be 
among the most effective destroyers of the 
common army worm and related species, but — 
observations have now shown the fallacy of — Fr6.5.—Winthemia 4-pustulata fly, 
this belief. On this head Dr. Howard has bara a0 Sone eine: 
written”® that he had searched for hours in — army worm with Tachina eggs 

> 2 : : attached below—somewhat en- 
grass fields overrun with army worms without j,yeea (from Comstock. 
finding a single specimen of the ‘* worm” 
which did not bear upon its back the eggs of Winthemia 4-pustulata, 
but that a very large proportion of these eggs failed to hatch through 
the molting of the caterpillars attacked. He cites observations made 
by Professor Fernald and his assistants in their work upon the gypsy 
moth in Massachusetts. In the case of 235 caterpillars of this moth, 
which bore from 1 to 33 eggs on each individual, 226 produced moths, 
and only 4 of the dipterous parasites were obtained from the entire 
number. The caterpillar which had 33 eggs upon it molted before any 
of them hatched, and eventually emerged as a moth in good condition. 


1This Tachinid is the same as described by Dr. Williston under the name Evorista 
infesta in Professor Forbes’s report on the fall army worm (25, p. 65), and is also 
_ known to attack the common army worm and the larve of various cutworms and 
other injurious Noctuidee and Bombycidee. The list included up to 1896 fourteen 
hosts. This list is given in full in Bulletin No. 7, technical series, of this Division 
(pp. 21, 22), where also its distribution, characters, and synonymy are discussed. 

2 Tech. Series, No. 5, Div. Ent., p. 51. 
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OTHER PARASITIC AND PREDACEOUS ENEMIES. 


The value of ants in interposing checks to the excessive increase of 
the fall army worm in the South was known in Glover’s time, and 
especial mention is made of them in his report for 1855 (3). Ants are 
also mentioned by our correspondents as being efficacious in destroy- 
ing this pest. 

Of the operations of ants as destroyers of the ‘* grass-worm” Glover 
says that on a plantation in the vicinity of Columbus, .Ga., num- 
erous colonies had formed their holes or nests in the road passing 
through the center of an infested field and here lay in wait for any 
unfortunate caterpillar which should be tempted to cross this dan- 
gerous path for a fresh supply of food. 

First, one ant more vigilant than the rest would rush to the attack; then another, 
and another, until the poor caterpillar, entirely covered by its pigmy foes, and com- 
pletely exhausted in strength by its unavailing efforts to escape, was finally obliged 
to succumb to superior numbers and die as quietly as possible, when the carcass was 
immediately carried off by the captors to their nests, or, when too heavy to be 
dragged away at once, they fed upon it as it lay 
in the road. This warfare was carried on every 
day as long as the grass-worms prevailed, and no 
doubt their numbers were diminished in this 
way to a considerable extent. 

Among other material obtained by Dr. 
Howard during 1881 were three para- 
sites of this species, one of which has 
been identified by Mr. Coquillett as 
Fic. 6.—Polistes bellicosus—somewhat Hrontina frenchit Will. The fly issued 

enlarged (Marx del). é ¥ - 
September 9 from Laphygma larve bear- 
ing Tachina fly eggs collected at Columbia, 5. C. 

Apanteles laphygme Ashm. MS. was reared August 29 and 30, 
{881, from material received from Savannah, Ga. 

Mr. Quaintance (40, p. 511) states that there are several species of 
wasps (Polistes bellicosus 4 and others) that attack these larvee, as also 
a species of Bombyliid, or bee fly, which was reared by him from the 
larve. Polistes bellicosus is shown in figure 6. 

Limneria dubitata Cyr. is mentioned as a doubtful parasite of the 
fall army worm (Insect Life, Vol. ILI, p. 158). 

The larvee of a Calosoma, specimens of which were received with a 
letter dated March 19, 1900, from China Spring, Tex., were observed 
by Mr. G. G. Hood feeding on the fall army worm. The species is 
perhaps the fiery ground-beetle (Calosoma calidium Fab.), which has 
been recorded by Professor Morgan to attack this caterpillar (38). 
The larva of C. cal/dum is shown in figure 7. 

Euplectrus comstockii How., a common chaleidid enemy of Aletea 
aylina, or cotton worm, is recorded as a parasite of Laphygma frug?- 
perda. From the latter host 25 individuals were reared from a single 


37 


larva (4th Report U.S. Ent. Comm., p. 107). This chaleidid is shown 
in figure 8. 

Only one bird other than the English sparrow appears to have been 
observed attacking this insect. on this head Lyman (6) said: ‘* There 
appears to be no toed but the blue jay that will eat it.’ 

The foregoing is a short list of known natural enemies of 
so common an insect. Future observa- 
tions will doubtless show that there are 
many others such as we know attack the 
common army worm, among which are 
various predaceous ground beetles and 
mites. 

Years of experience with the common 
army worm show the great efficiency of 
natural enemies in keeping down its num- 
bers, serious outbreaks seldom occurring 4,,.,— cutosomacalidum. alarva: 
two years in succession.’ The season of — bbeetle. Natural size (irom Ri- 
1899, as previously noted, has shown that =" 
we can as yet place very little dependence on insect enemies against 
the fall army worm. 


REMEDIAL MEASURES. 


The fall army worm in its manner of life so nearly resembles, in 
many respects, the common army worm that, when it assumes the 
habit of traveling in armies, its ravages may be counteracted by a 
similar line of treatment. The remedies in vogue against the latter 
were discussed in the Annual Report of 
this Department for 1879 (pp. 189, 190), 
and in Circular No. 4, second series, of 
this Division (pp. 3, 4). As with the 
common army worm also, unfortunately, 
injury by this species is seldom detected 
until too late for the successful applica- 
tion of remedial or preventive measures. 


THE USE OF INSECTICIDES. 
Fic. 8.—£uplectrus comstockii, much 
enlarged (reengrayed after Com- In the 


vase of large armies in extensive 
stock). 


fields, plantations, or gardens, poisons 
are of little value at the time when outbreaks are at their height. 
When the armies are first noticed the larve or ‘‘ worms” are as a 
rule approaching maturity, they have effected much damage, and it 
is difficult at this stage to check them or prevent them from passing 
from one oo : eprden, or ORE tract to another. 


' A few instances of such recurrence of attack are on’ rec a of the present species, 
e. g., that of the years 1896 and 1897 in Florida. 
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As a natural sequence it follows that, although poisons are of value 
in many cases, we must place more reliance in preventives such as are 
to be found in cultural and mechanical methods. 

The arsenicals.—The insects can be destroyed by different poisons, 
but too often such a course is apt to involve further injury or destrue- 
tion of the crop infested. Wherever the arsenicals, such as Paris 
green or London purple, can be used in the form of a spray without 
injury to the crop as food for cattle or for market, these are indicated. 

Certain persons have reported that Paris green and other insecticides 
employed were effectual in destroying the insects but also killed the 
plants affected. From experience with infested grasses which were 
under observation in the vicinity of Washington, we know that it is 
an easy matter to pass by the insect unrecognized and that the extent 
of the injury may also be unrecognized at the time when the insect’s 
presence is quite obvious. It is quite probable, therefore, that the 
cases of reported injury attributed to insecticides were in reality due 
to the work of the insects themselves.’ 

Kerosene.—Lawns can be freed from the insects, at least in great 
measure, by the application of kerosene emulsion, followed with as 
copious a drenching as possible with water from a hose. It is per- 
haps needless to say that this remedy should not be employed in bright 
sunlight or on a hot day, but preferably toward sundown. 

The value of remedial applications was testified to by some of our 
correspondents, among whom was Mr. Charles Deering, of Chicago, 
who wrote, August 25, that kerosene, soap and water, and Paris green, 
were each effective in killing larvee near the surface, but when a water 
sprinkler was turned on, hundreds of active worms came up from the 
roots of the grass within an area of but a few feet. 
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MECHANICAL METHODS OF DESTROYING THE WORMS.”’ 


Various mechanical and other measures have proved of value 
against the common army worm, and would prove effective against 
the fall army worm. In fields of young grain and on lawns many 
**worms” or larve may be killed by rolling with a heavy roll, pref- 
erably when the insects are at work early in the morning or late in the 
afternoon, toward dusk. In pasture lands and in fields that are injured 
beyond recovery, sheep or other cattle could be turned in in numbers 
with benefit, as they will crush the larve by trampling upon them. 

Other methods of this nature that are in use against the army 
worm proper, and that will be found of value, include trenching or 


‘In one case in particular there was no doubt whatever that the insects killed a plat 
of grass, although several of those who noticed the injury claimed that it was due to 
other causes. Had insecticides been applied these same persons, who, by the way, 
were not entomologists, would probably haye claimed that the insecticides had 


caused the death of the grass. 
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ditching, or the plowing of deep furrows in advance of the traveling 

hosts to entrap the larvee which will fall into them, and here they 
may be crushed by dragging logs or pieces of brush through the 
furrows. If feasible to fill the trenches with water, or if they become 
partially filled by rains, the addition of a very small quantity of 
kerosene, so as to form a thin scum over the surface of the water, will 
prove fatal to the caterpillars. 

Sometimes barriers of fence boards are erected, and the tops smeared 
with tar or other sticky substances, to entrap the larvee as they attempt 
to crawl over. 

Clean cultural methods and rotation of crops.—Rotation of crops 
should always be practiced, as well as the burning over of fields in 
the fall, when they are too badly infested to recover from injury. 
Above ‘all other precautions which it is necessary to take to secure 
immunity from attack is that of keeping the fields free from volunteer 
grain and wild grasses, since experience shows that these are the favor- 
ite breeding grounds of the insect; in other words, they attract the 
female moths for the deposition of their eggs, and when the larvee 
hatching from these eggs have devoured the grain and grasses which 
grow in patches they are driven to cultivated fields for food. A perusal 
of the preceding pages will convince anyone that one of the most impor- 
tant sources of injury is the rotation of one cereal crop with another, 
or with grasses, and the planting of crops in fields that have been 
allowed to run waste to wild grasses and weeds. 

As grasses and cereals are the crops most affected by the fall army 
worm, the soil should always be very thoroughly plowed before plant- 
ing to any crop, particularly a similar one, and it is inadvisable (not 
alone on account of the fall army worm but on account of the numer- 
ous other common cutworms, wire-worms, and white grubs) to plant 
wheat, corn, or any other cereal in pasture land unless a crop which 
1s not so subject to infestation by this insect intervenes. 

Fall plowing.—F rom the observed fact that hibernation takes place 
in the pupal condition in the infested fields, it follows that fall plowing 
is the most valuable of all preventives of injury, and is therefore 
always to be practiced where suitable to the crop, soil, and other con- 
ditions. In the case of perennial crops fall plowing is not applicable. 
For alfalfa Mr. Hunter has recommended that the field should be 
thoroughly *‘ disked,” or cultivated with a disk harrow, when practi- 
cally the same results will be obtained as would follow from plowing 
of other fields. For lawns a thorough going over with a long-toothed 
steel rake is the treatment recommended. Treatment of the soil by 
these methods serves to break up the cells in which the chrysalides are 
resting, as well as to destroy the insects in other stages in which they 
may be present in the fields. 
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Overflowing rice fields; late planting of wheat and rye.—Injury to 
lowland rice, as pointed out by Dr. Riley, is not apt to be severe, 
owing to the ability of rice growers to overflow their fields almost at 
will, while, if necessary, the negro hands employed in these fields can 
be sent through the fields to brush the ‘‘ worms” from the plants into 
the water. 

During the outbreak of 1884 in Kansas it was learned that the rav- 
ages of this insect could be prevented by postponing the planting of 
wheat and rye until between September 20 and October 20. This 
limit for planting, however, will be different in other climates, and 
will vary slightly with the weather encountered at this time of year. 


OTHER MEASURES, 


Preventive measures. —W hile the fall army worm has usually been 
observed to do its greatest injury in the autumn, the season of 1899 
was quite an exception, as many instances of injury were noted in 
midsummer, and some even as early as June. This is one of the spe- 
cies of which ‘*to be forewarned is to be forearmed;” hence, if care- 
ful watch is kept for the earliest appearing generations and remedial 
and preventive measures are at once employed, the injury which fol- 
lows from later generations can be very largely diminished. The 
presence of many forms of cutworms on lawns can be detected by lay- 
ing down sheets of cloth or boards at night and examining them in the 
morning, when these larvee, if present, will -be found adhering to the 
sheets or boards. This method of detection should be tried with the 
species under discussion. . 

Poisoned baits.—Where the caterpillars are found to be breeding 
in the ordinary numbers of cutworms in vegetable gardens, they may 
be destroyed by the use of poisoned baits and by other methods used 
in combating cutworms. 

A consideration of these baits and other cutworm remedies is given 
in the concluding paragraphs of this bulletin. 


BIBLIOGRAPHICAL LIST. 


In the list which follows the writer has endeavored to present 
mainly references to such publications as have bearing upon the his- 
tory, habits, and injuries of Laphygma frugiperda. Daily newspaper 
accounts and other publications cited in other lists, and which add 
nothing of apparent value to a knowledge of the species, are omitted. 
The list is chronological: 


1. Surrn, J. E., and Apsor, Joun.—Natural History of the Lepidop- 
terous Insects of Georgia, Vol. II, pp. 191, 192, Pl. 96. 1797. 
Original description as Phalena frugiperda, with brief mention of habit of 

feeding on Guinea corn, and suggestions as to remedies. Colored plate of 
larva, pupa, and two forms of moth. 
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GUENEE, ACHILLE.—Noctuélites, Vol. I, p. 159, Paris. 1852. 
Description of larva and imago and distribution. 


~ 
F 


GLovER, TowNEND.--Report of Commissioner of Patents for 1855 

(1856); pp. 7-79, Pl. VI, ‘fis: 6. 

General article under the heading ‘‘The grass caterpillar.’? Account of 
injuries to crops in Georgia in 1854, description of larva, pupa, and moth, 
with note of injurious occurrence in 1845, Original figure of larva, pupa, and 
moth. 

Lanpon, M. D.—Report of Commissioner of Agriculture for 1864 

(1865), pp. 89, 90. 


A short account under the name of ‘‘ grass caterpillar,”’ 


in connection with 
injury to cotton. 
GiLovER, TowNEND.—Monthly Report U. 8. Depart. Agriculture, 

October, 1866, pp. 377, 378, figure. 

A two-page general account, consisting in large part of a repetition of No. 3. 
Specific mention as Laphygma machra, with observation that it may prove to 
be L. frugiperda 8. and A. 

Lyman, Joseru B.—Cotton Culture, pp. 92-94, fig. 17. New York, 

1868. 

A three-page popular account under the heading ‘‘ The army worm.’’ The 
larva and moth figured are Laphygma frugiperda. 


) 


<ILEY, C. V.—First: Report on Insects of Missouri, pp. 87,88. 
1868. 

Mention under the heading ‘‘The wheat cutworm”’ of injury in 1868 at 
Allenton, Mo., and elsewhere to wheat, oats, grasses, etc., with description 
of the larva. 

Watsu, B. D., and Rrtey, C. V.—American Entomologist, v. I], 
p- 43. November, 1869. 

Reference to this insect in connection with a consideration of the boll worm 
and suggestion that it be called ‘‘ Daggy’s cornworm, Prodenia Daggyi.”’ 
Riney, C. V.—American Entomologist, v. II, p. 289. November, 

1870. 

General account with original illustration of the larva. 

Ritry, C. V.—American Entomologist, v. II, pp. 363-365. 
December, 1870. 

A longer general account than the preceding of which it is in continuation, 
with original figures of the moth and description as Prodenia autumnalis 
n. sp.; also description of larva and pupa. 

Ritry, C. V.—Second Report on Insects of Missouri, p. 41. 1870. 

Brief reference to this insect as ‘‘ Laphrygma frugiperda Sm. and Abb.?”? in 
connection with its resemblance to the army worm. 

Riney, C. V.—American Entomologist, v. I], p. 340. October, 
1870. 

Answers to correspondents complaining of injuries at Ottawa, Kans., and 

Eureka, Mo. 


13. 


14. 


“15. 


L6. 


LT. 


24. 
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Rmtey, C. V.—Third Report of Insects of Missouri, pp. 109-117. 
1871. 

A general consideration of the species with reports of injuries in 1870 in 
Missouri and Kansas, with technical description of the moth, larva, and pupa. 

GuLover, TowNEND.—Report of Commissioner of Agriculture for 
1872, p. 118. 1874. 

‘In some localities [in Georgia] the grass caterpillar or grass army worm 
(Prodenia autumnalis) devoured the corn, grass, and pea crops in 1872.” 
Rimery, C. V.—-Eighth Report on Insects of Missouri, pp. 48, 49. 

1876. 
Brief consideration in connection with a longer account of the army worm 
proper. Species identified as the Phalena frugiperda 8. and A. 

THomas, Crrus.—Seventh Report State Entomologist of Illinois, 
L878, p. 97. 

A short account and reference to injuries in Washington County, IIl., in 
about 1873. 

Frencu, G. H.—Seventh Report State Entomologist of Illinois, 

1878, p. 219. 
Brief general account. 

GLOVER, TOwNEND.—Manuscript notes from my Journal, Cotton, 
and the principal insects, etc., frequenting or injuring the plant 
in the United States, 1878. Pl. IX, figs. 9-12. 

Copper plate illustrations of moths, larvee, pupa, and cocoon, with brief 
notes on the insect’s habits. y 
Comstock, J. H.—Report upon Cotton Insects, p. 180. 1879. 


Quotes Glover as regards carnivorous habit of the larva. 


Ritry, C. V.—American Naturalist, v. XV, p. 751. 1881. 
Brief mention of injury to rice in Georgia. 
Tuomas, Cyrus.—Tenth Report State Entomologist of Illinois, 
p. les. 166i. 
A brief description of the larva. 
Rinry, C. V.—Papilio, v. Il, p. 43. March, 1882. 

Note on nomenclature. 

Ritry, C. V.—Third Report of U. $8. Entomological Commission, 
1880-82, pp. 89-98. 1883. 

Damage in 1874 to grass in Richmond County, 8. C., Heard County, Ga., 
and Macon County, Ala., and attributed by Glover to Leucania unipuncta 
deemed likely to have been due to Laphygma frugiperda and not Leucania. 

Rinry, C. V.—Report of Commissioner of Agriculture for 1882, 
p- 138. 1883. 


Short note on injuries observed in 1881 to rice fields and to other crops 
in the South with mention of the value of flooding as a remedy in lowland 
rice fields. 


25. 


26. 


27. 


28. 


30. 


dl. 


33. 


36. 


43 


Forses, 8. A.—Circular, Office of State Entomologist, October 
‘14, 1884. <Prairie Farmer, October 25, 1884.< Farmers’ Review, 
October 30, 1884. (Not seen by the writer.) 

Snow, F. H.—Fourth Bien. Rept. Kans. State Board of Agricul- 
ture for 1883-84, pp. 609-611. 1885. 


Accounts of injuries in four counties in Kansas in 1884. 


Forses, S. A.—Fourteenth Report State Entomologist Illinois, 
1884, pp. 55-67. 1885. 

Full general account including consideration of injuries in 1884, literature, 
nomenclature, description of larva and imago, distribution, life history, char- 
acter and extent of injuries, natural enemies and prevention and remedy. 

Husparp, H. G.—Insects affecting the Orange, pp. 150, 151. 
1885. 

Short general account with reference to the occurrence of the eggs and the 
feeding of the young caterpillars on orange leaves. 

Ritey, C. V.—Fourth Report U. S. Entomological Commission, 
p. 508, pl: LX, fig. 2. 1885. 

A one-half page note in a chapter on species liable to be mistaken for the 
cotton worm. 

Weesster, F. M.—Thirty-fifth Ann. Rept. Indiana State Board 
of Agriculture, 1885, v. 38, p. 197. 1886. (Author’s Extra, 
pels. 1885; ) 


Included in a list of insects affecting the corn crop. 


Lintner, J. A.—Bul. New York State Museum of Natural His- 
tory, No. 6, pp. 11, 14, 16, 20, figs. 18, 23. November, 1888. 
Brief treatment in connection with injury by cutworms. 
Wesster, F. M.—Bul. 22 Div. Entom., U.S. Dept. Agriculture, 
pp. 46, 47. 1890. 


A six-line note on occurrence in 1885 and 1889 on corn at Lafayette, Ind. 


[RitEY and Howarp. |—Insect Life, Vol. III, p. 158. November, 
1890. 
Records the rearing of Limneria dubitata Cr. from L. frugiperda (?), Indiana, 

October 9, 1884. 

Weep, H. E.—Southern Live-Stock Journal, October 15, 1891. 
(Not seen by writer.) 

Ketioce, V. L.—Common Injurious Insects of Kansas, Univer- 
sity of Kansas, 1892, pp. 39, 40. 


Popular economic account, reference to injury at Mineral Point, Kansas, 
in 1866 and 1870. 


Brunkr, L.—Ann. Rept. Nebraska State Board Agriculture, 1891, 
pp. 249-252, 1892.<Do. for 1893, pp. 386-390. 


A general economic account, including free quotations from Forbes, 


41. 


45. 


46. 


47. 


48, 


49. 
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CoquiLtett, D. W.—Insect Life, Vol. V, p. 312.. July, 1893. 
Mere mention of occurrence at light on flowers of Yucca whipplei. 

Morean, H. A.—Bul. 22, Louisiana Experiment Station, pp. 734, 
too... eden. 


3rief notice of injury to cornin 1892. Larva of Calosoma calidum attacking 
the fall army worm. 


Smith, J. B.—Bul. 44, U. S. National Museum, p. 168. 1893. 
Systematic bibliography and synonomy. 
Matty, F. W.—Bul. 29, Div. Ent., U. S. Dept. Agr., p. 30. 1893. 


Abundant upon trap corn in June and July; mistaken for boll worm by 
planters. 


Wren, H. E.—Bul. 36, Mississippi Agricultural Experiment Sta- 
tion, pp. 152, 153. November, 1895. 
A short general economic account. 

Situ, J. B.—Economic Entomology, pp. 297, 298. 1896. 
Popular economic account. 


Howarp, L. O.—Bul. 33, Office of Expt. Stations, U. S. Dept. 
Agriculture, p. 346. 1896.<Farmers’ Bulletin No. 47. 1897. 


Reference to the occurrence of this insect in cotton fields. 


QuatntTancr, A. L.—Bul. 40, Florida agricultural experiment : 


station, pp. 507-512. July, 1897. 
A general and economic account and report of destruction of grasses in 
1896 and 1897 in Florida. 
CoquiLLetT, D. W.—Technical Series, No. 7, Division of Ento- 
mology, U. S. Dept. Agriculture, p. 25. 1897. 
Records rearing of Gonia capitata DeG. and Winthemia 4-pustulata Fab. 
from this host. 
LuGGerr, Orro.—Bul. 61, Div. Entomology, Agl. Exp. Sta. Univ. 
Minnesota, p. 218. December, 1898. (Fourth Ann. Rept. Do., 
p. 164. 1899.) 
Short popular account. 
Hunter, W. D.—Press Bul. Circular No. 2, Agric. Expt. Sta- 
tion Univ. of Nebraska, pp. 4, fig. 1. September 23, 1899. 


A general economic account, with reports of injuries in Nebraska in 1899. 
Original illustration. 


Wesster, F. M.—Ohio Farmer, November 2, 1899, p. 340. 
Answer to correspondent complaining of injury at Haverhill, Ohio. 


Apams, M. F.—Ann. Rept. Buff. For. Assoc., p. 11. April 1, 1900. 


Destruction of turf on lawns at Buffalo, N.Y. A few notes on the insect’s 
habits. 


50. 


52. 


53. 
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CHITTENDEN, F. H.—Bul. 23, new series, Division of Entomology, 
U. 8. Dept. of Agriculture, pp. 78-85, fig. 19. 1900. 

A general seven-page account preliminary to the paper here presented, 
and with particular reference to reported injuries in 1899. One original 
figure. 

Wesster, F. M.—Bul. 26, Division of Entomology, U. S. Dept. 
of Agriculture, p. 85. October, 1900. 


Brief reference to injury in southern Ohio in fall of 1899. 


Fores, 8. A., and Harr, C. A.—Bul. 60, Univ. Ill. Agric. Exp. 
Sta., Urbana, pp. 497, 498. August, 1900. 


A short general notice, with especial reference to the occurrence of the spe- 
cies in localities which are mentioned, in Illinois, during 1899, with brief note 
on probable hibernation as pupa. 


Bruner, Lawrence.—Thirteenth Annual Rept. U. 8. Agl. Expt. 
Sta. Nebr., pp. 47, 48. 1900. 


Brief notice of injuries in Nebraska in 1899, with localities and crops affected. 
CHITTENDEN, F. H.—Bul. 27, new series, Div. Entomology, U. S. 
Dept. of Agriculture, pp. 73, 74. May, 1901. 


A short notice of this species, with particular reference to its injuries to the 
violet. 


Pertir, R. H.—Bul. 186, Mich. State Agric. College Exp. Sta., 
December, 1900, p. 30. 14901. 
Notice of injury to corn at Chatham, Mich. 


GILLETTE, C. P.—Beet Sugar Gazette, July, 1900, Rept. No. 69, 
U.S. Dept. of Agriculture, pp. 86, 87. 1901. 


Deals chiefly with remedies. 


THE VARIEGATED CUTWORM. 


(Peridroma saucia Huebn.) 


This cutworm is usually to be found in some numbers nearly every- 
where—in gardens, pasture land, vineyards, fields, and orchards, and 
even in greenhouses, as it is a general feeder and able to eke out a liv- 
ing wherever it may happen to be. 

Even in ordinary seasons it appears to have little choice as regards 
the quality of its food—anything succulent, whether the leaves, buds, 
flowers, fruit, stalks, tubers, or roots of plants of the garden, field, or 
greenhouse, serving the larve as a means of sustenance. It does not 
appear to be especially fond of wild plants, and is not, like the fall 
army worm, an important enemy of grasses or grains, although it 
feeds sometimes upon both when other foods are not available. It is 
seldom noticed attacking weeds, appearing to prefer cultivated plants 
to others. It is one of the so-called climbing cutworms, often doing 
much injury to the foliage of fruit trees, and in seasons of exceptional 
avundance it assumes the army-worm habit. 

There is little doubt, from reports that were received, that this 
habit was assumed in many localities where injuries were noticed. In 
fact, the variegated cutworm was so abundant during the season that 
it became quite generally known as the army worm in some regions, 
as, for example, in the Pacific States and British Columbia, where it 
was most destructive. 

Injury, judging from report, extended from Maryland southward 
to Texas and westward to the Pacific coast. It was most pronounced 
in Oregon, Washington, and northern Caiifornia, and was noted in 
various portions of Canada. The species was probably present in 
some numbers throughout practically the entire United States and 
Canada wherever truck crops were raised, although injury, as nearly 
always happens in the case of insect attack, was more or less local. 
The insect did not by any means confine itself to garden vegetables, 
however, but was very destructive to ornamental flowers, and the list 
of plants attacked included nearly everything that could be mentioned, 
only a few plants being noticed as exempt from injury. 

The occurrence of this species in Canada was described by Dr. 
Fletcher as one of the most remarkable outbreaks of an injurious 
insect that had ever been recorded in that country, and this was about 
equally true in the States of Oregon and Washington. It is seldom 
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that a year passes that this cutworm is not reported as the cause of 
more or less loss to the farmer, wheat grower, and florist, but the 
season of 1900 was by far the most remarkable in its history. 


DESCRIPTION. 


The moth.—The progenitor of this cutworm is a large, somewhat 
inconspicuous moth, the species belonging, as do other cutworms, to 
the family Noctuide. The fore-wings are pale grayish-brown, tinged 
with reddish and shaded about the middle and toward the outer margin 
with darker brown. There is considerable variability in the depth of 
color and in the markings, the latter being often suffused. A com- 
mon form of the moth is shown (fig. 9, a). The reniform spot is some- 


Fie. 9.—Peridroma saucia: a, moth; b, normal form of larva, lateral view; c, same in curved position; 
d, dark form, dorsal view; e, egg from side; /, egg mass on twig (after Howard). 


times pronounced, as is also a rounded spot near the reniform and 
between it and the base of the wing. 

The ground color of the hind-wings is iridescent or pearly white, 
strongly shaded about the margins with shining light brown, the veins 
being of a similar color and strongly marked. ‘The head and thorax 
are of about the same general color as the fore-wings, while the abdo- 
men is a little lighter and thickly covered with long paler pubescence 
which extends nearly to the middle. The wing expanse is about an 
inch and three-fourths (44 mm.), and the length of the body is about 
three-fourths of an inch (19 mm.). 

The egg.—The egg is of the usual semiglobular form seen in the cut- 
worm group of Noctuids. The outline is circular, the surface is 
strongly ribbed, the ribs, about 42 in number, radiating from the 
center and extending in points beyond the sides. These ribs are 
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crossed by others which encircle the egg. The eggs are laid in regu- 
lar masses and often in rows of about seven or eight, and to the num- 
ber of sixty or thereabouts, and frequently along the twigs of fruit 
trees. An egg isshown in profile very much 
enlarged at ¢ of figure 9, and from above in 
the lower portion of figure 10. The upper 
portion of the latter figure shows an egg 
mass of this moth as deposited upon a leaf of 
cowpea, while at 7 of figure 9 another mass 
is shown deposited upon a twig. 

The larva.—The larve when first hatched 
are green in color, with indistinct lines, and 
a very few scattered hairs, the head being 
black. They undergo several molts before 
reaching full maturity, but as all these dif- 
ferent stages (five in number) have been 
described elsewhere they will be omitted. 
Rather complete descriptions are given in 
the late Dr. J. A. Lintner’s fifth report on 
the insects of New York.' 

At maturity the larva has attained a con- 
siderable size, measuring about one and 
three-fourths inches (45 mm.) in length and 
one-fourth inch (6° mm.) in 
width. At this stage the larva 
Fig. 10.—Peridroma saucia: Ege iS even more variable than the 

nsson compen at ez "noth, that shown in the illus: 
tration at d (fig. 9) being of 
the darkest form, drawn from a lot found injuring fruit 
trees. When the larva feeds on low-growing plants, such 
as celery, the color appears to be usually very much 
lighter, particularly in individuals that have passed the 
winter in the ground. An extreme pale form is shown 
at figure 11. The general color of the dark form is 
rather dull brown, often with a greenish tinge (which 
becomes purplish by inflation), finely mottled with gray 
and smoky black above. The ventral surface is much 
paler dull-gray, often with a carneous tint. The velvety, |. ae 
black, undulating, interrupted stripes with which the aroma saucia: 
sides are ornamented, as also the row of short, longi- Pil" 07" & 
tudinal, black lines on each segment and the row of from about one-fourth 
four to six yellow, mediodorsal, rounded spots, which ("si"): 
are more or less prominent on the second to the fifth to seventh 
segments, are all sufliciently shown at 4 and d (fig. 9). The 
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‘A good general account, with bibliography up to that date (1889), will also be 
found on pages 200-206 of the same publication. 
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head is reddish-yellow in life, becoming pale-brown in preserved 
specimens, and is reticulated with red and black. A broad, incurved 
band of black runs from top to bottom each side of the inverted V 
spaces, forming a somewhat imperfect letter H. The antepenultimate 
segment is marked above with black velvet spots, and the anal segment 
is marked with a light, often reddish, nearly semicircular spot. 

In the paler forms the markings are much fainter, with the excep- 
tion of the red of the last segment. 

The pupa.—The pupa does not present any characteristics particu- 
larly different from those of other cutworms. It is of the usual shin- 
ing yellowish color when first formed, changing to dark mahogany 
brown toward maturity. The tip ends in a pair of minute spines. 


DISTRIBUTION. 


Peridroma saucia is cosmopolitan; it perhaps originated in Asia 
Minor or southern Europe and is doubtless a direct and early importa- 
tion from our parent country, since it has been recognized here for 
many years, as early at least as 1841, when it received mention by 
Harris. The recorded distribution abroad includes Great Britain and 
Ireland, western-central and southern Europe, Asia Minor, North 
Africa, Madeira, and Teneriffe. On this side of the Atlantic it is» 
known from Canada and New England westward to California and 
British Columbia in the north, and southward through the Gulf 
region to Mexico, Guatemala, Costa Rica, and Panama in Central 
America, and Colombia, Venezuela, Brazil, Argentina, Chile, and Pat- 
agonia in South America. 

It is injurious practically throughout the arable region of the United 
States. 

REPORTS OF INJURY. 


REPORTS OF CORRESPONDENTS IN 1900. 


As this cutworm showed itself to be one of the most troublesome 
insects of the year 1900, and as no authentic list of food plants has ever 
been made out in shape for convenient reference, it has been deemed 
advisable to cite such occurrences as have come under observation dur- 
ing the past season somewhat in detail. The reports which will be cited 
were accompanied (in all except, perhaps, one instance), up to the 
middle of August, by specimens of larvee, mostly approaching maturity. 

May 12, 1900, Mr. G. A. Schattenberg, Boerne, Tex., wrote that 
this cutworm was doing damage in sweet pea, pansy, and asparagus 
beds in that vicinity. On the 23d of May Mr. H. J. Gerling, St. 
sens, Mo., sent lprve Beiacrins rhubarb and radish, the two Plants 


1 Dr. Lintner (1. ¢c., p. 204) in describing ihe pupa, states that the Deiat om is armed 
with a single short, black, curved spine. 
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about equally relished. May 25 this larva was found by the writer at 
work on young beets on the Department grounds. May 28 Mr. W.C. 
Hollowell, Barnes, Kans., wrote that this cutworm was devouring the 
corn in that county, and that there were hundreds of acres that were 
cut off. The larve began attack upon the blades, eating down the 
heart for 2 or 3 inches under the ground. Thiscutworm was described 
as devouring everything, including weeds of various kinds. One 
patch of potatoes had been completely stripped of leaves. The same 
day Mr.. Warren Knaus, McPherson, Kans., sent lary with the 
report that they were doing considerable damage in McPherson and 
adjoining counties, eating all kinds of garden yoaetle and being 
especially destructive to alfalfa. 

During June this species was sent to us on the Ist by Mr. W. H. 
Edw ie Coalburg, W. Va., as being concerned in injury to cabbage 
and tomato in that locality. The same day Mr. E. M. Wright, 
Eureka, Ill., sent this cutworm found on cabbage. June 5 Mr. 
Knaus, who is an entomologist of experience and reputation, reported 
that many individuals were found beneath pea vines and in a lettuce 
bed. He stated that this species attacks all garden vegetation except 
growing beans, and defoliates currant and ele ietog bushes and box 
elder trees. Potato vines were attacked, particularly in the vicinity of 
fields of alfalfa, which seems to be the principal host plant in that 
vicinity. Sunflower, hollyhock, and cocklebur were also attacked. 

In July Mrs. Dora Hans, Quilcene, Jefferson County, Wash., wrote 
on the 17th that it was eating everything in the shape of garden flow- 
ers, and even grasses. The larvee were described as cleaning every- 
thing to the ground, and at the time of writing were defoliating fruit 
trees. Tomatoes, onions, lettuce, potatoes, and other garden truck 
were also injured. On the 20th Mr. Ernst Stock, Chicago, IIL, 
reported that it was known as the army worm in that vicinity and had 
destroyed his lawn entirely the previous year.’ It appeared to eat the 
roots of the grass so that the grass soon died. On the 21st Mr. A. 
J. Maise, Dora, Coos County, Oreg., made a report that this species 

vas doing a great deal of damage in that section, destroying garden 
and other vegetation. July 23 Mr. Thomas Oswald, Wynooche, Che- 
halis County, Wash., wrote that this cutworm was a pest in that 
country, eating everything in the gardens. The insect had damaged 
hay fields very badly; it was observed also on cabbage. Some of the 
residents called it the army worm, but the caterpillars were not noticed — 
traveling, although very abundant in some places. July 26 Miss 
Daisy Fowler, Burley, Wash., wrote that this insect was eating flow- 
ers and vegetables 1 in that vicinity. Only the Poppy seemed exempt 


'The injury in 1899 was ee ae to the fall army worm, as that species was 
very troublesome on Chicago lawns that year, as has already been stated. 
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from attack. The same day Rev. M. Eells, Union, Mason County, 
Wash., stated that this species, locally known as the ‘‘army worm,” 
had, within two weeks, appeared there in great numbers and ‘* seemed 
to be taking everything.” Its appearance was noticed for the first 
time in the history of that region. Next day Mr. 8. M. Pressey, 
Deer Harbor, San Juan County, Wash., sent larvee with the report 
that they were very numerous and were eating and destroying every- 
thing green on his and neighboring farms. The larve devoured all 
kinds of fruit on the trees, also the leaves, and in some cases attacked 
the bark. They crawled into houses and wells, and ‘‘almost every- 
where.” Orchards were overrun with them as by aplague. - July 28 
Mr. E. E. Hogbery wrote that this species was playing havoe with 
potatoes and garden stuff in his section, Fishhawk, Oreg. The cut- 
worms were described as being so thick on the ground in some places 
that our correspondent killed them under foot with every step he took. 
He believed that they would eventually attack everything green, and 
their presence was alarming the community greatly. 

August 6 we received word from Mr. R. A. Easton, Dora, Oreg., 
that this insect was doing serious damage to crops in Coos County. 
Potatoes, tops and tubers, were eaten, as also other vegetables and 
clover. The same day we received from Mr. Richard C. Willis, Olga, 
San Juan County, Wash., a communication in regard to this insect. 
It had appeared there in great numbers and was eating up almost 
everything in the truck line. A locality known as East Sound was 
also invaded. August 9 Mr. Maise wrote that in that vicinity the 
damage was greatest in pastures and to potatoes, beets, and cabbage. 
In some localities the cutworms were troublesome on fruit trees, eat- 
ing the fruit and cutting the bark around grafts. They were noti¢ed 
traveling at night, and early in the morning dropped down on the 
ground and hid themselves away from view. 

In a letter dated August 14, with accompanying specimens mostly 
in the pupal condition, Mr. Willis reported that the larvee were eating 
all kinds of garden stuff—potatoes, tomatoes, beans, peas, beets, car- 
rots, corn, cabbage, turnips, rutabagas, and onions, leaving only pars- 
nip and squash. At the time of this writing they were busy upon 
field’ peas, potatoes, and clover, and were damaging prune, apple, and 
other fruit trees in spite of applications of tarred paper and bands of 
wool and cotton batting. They worked only at night, and when feed- 
ing could be heard at some little distance. On the 22d we received 
from Mr. J. A. McDonald a communication dated July 29 complain- 
ing of this species at Requa, Cal. The insect was stated to have made 
its first appearance that summer in that part of the country. The 
caterpillars fed on nearly everything, including fruit trees, of which 
they devoured both foliage and fruit. After eating potato vines they 
devoured the potatoes. In. fields infested by them the ground was 
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covered with theirnumbers. August 24+ we received another commu- 
nication from Mr. Willis, containing very complete notes on the plants 
affected on Orcas Island, San Juan County, Wash. In the case of 
attack on beets the stems were sometimes bored out and cut off at the 
surface of the ground, the leaves being eaten in some cases. The 
leaves of young cabbage were devoured, while of older cabbages the 
heart was usually attacked. Of turnips the green portions of the 
leaves were devoured, leaving only the stalks, the roots being eaten 
toa shell. The leaves and upper portion of the roots of carrots were 
devoured, and beans were injured by the cutworms boring into the 
pods, sometimes eating the beans within. Peas were similarly affected, 
young plants just before flowering being ‘* eaten clean.” The tops of 
onions were eaten off level with the ground, leaving only the roots. 
Of tomatoes the leaves and fruit were eaten, as were also the leaves of 
corn and the inside husks on the cobs. Entire lettuce plants were 
eaten. Only the leaves of potatoes were usually attacked, leaving the 
stalks, but the tubers were often eaten into and sometimes riddled 
with holes. The foliage of apple, pear, and plum was attacked and 
windfalls of fruit were eaten to the core; ripe fruit was greatly pre- 
ferred to green. Squash and vegetable marrow were untouched. 
The same day Mr. Thomas Oswald sent pupze from Wynooche, Wash., 
with information that the ‘told settlers” of that neighborhood were 
authority for the statement that this cutworm was present in that 
county thirty or thirty-five years previously, had been injurious for 
one year, and had not returned until 1900. 

Writing September 1, Mr. Willis stated that toward the end of the 
month of August the cutworms had practically disappeared, only four 
being found on the day of writing. In a field that had been fall- 
plowed and left in fallow and had become grown up with weeds this 
cutworm was found to eat plantain, clover, and fireweed, the latter 
appearing to be the favorite food. Injury was complicated in the case 
of attack to onions, an unknown green caterpillar being associated with 
the cutworm. The latter severed the onion stalks above the ground, 
and individuals of the other species appeared to go down inside of a 
leaf and eat about the root. 

As an instance of the numbers of this species, Mr. R. A. Easton, 
Dora, Oreg., writing September 18, 1900, stated that he had been 
informed that 202 of these cutworms had been dug up from a piece 
of ground only 1 by 2 feet in size. 

September 20, Mr. Carroll Fowler, Berkeley, Cal., sent specimens 
of reared moths with the information that they were received from 
Mendocino County, and that the species also occurred in Humboldt 
County, in California. In the former county the caterpillars were 
stated to have destroyed several acres of onions, and afterwards 60 acres 
of garden peas. The moths emerged September 18. 
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NEWSPAPER NOTICES OF INJURIOUS WESTERN OCCURRENCES. 

Through the kindness of Mr. V. K. Chesnut, the writer received 
some clippings from a Seattle (Washington) daily journal. One dated 
July 25, 1900, contained a column notice of this insect, identified as 
Peridroma saucia, with quotations from different persons who had 
suffered from its ravages. From these accounts it appears that the 
insect was first noticed in Seattle during the first week of July. One 
person reported that he had gathered two hundred ** worms” from about 
the roots of a single cabbage plant, the stem of which was completely 
honeycombed. A like number was collected from under a shingle 
overnight. 

Another newspaper from the same city published an account stating 
that the entire productive area of King County, in which Seattle is 
located, was being devastated. In this account it is stated that this 
cutworm ‘‘is migratory and travels across country as does the army 
worm of the East:” Gene.al complaint was being made from all 
directions. In the city of Seattle this cutworm was destroying lawns, 
flower and kitchen gardens, and truck of all kinds; in the suburbs it 
was everywhere and destroying everything. In the country its rav- 
ages were general. ‘*One day a field would appear perfectly free 
from it, and the next the worm would be swarming over everything. 
* * * It burrows in the earth and attacks the tubers of potato, 
destroying them as ruthlessly as it does the foliage. One potato was 
shown that had buried under its skin a half dozen big repulsive worms. 
The pest is no less a thing than a plague, and from the way it is start- 
ing out it will occasion untold damage to all kinds of crops.” 

It was stated in this account, among other things, that ‘‘it looks as 
if the farmers will have as serious a time with this new pest as they 
have ever had with the hop louse; certainly its appearance has created 
more general alarm than any pest that has ever made its appearance 
in the past.” 

The California Fruit Grower of August 11, 1900, had some notes 
on the occurrence of this species, which was stated to have appeared 
in different places in Washington and Oregon a little after the middle 
of July. The damage was greatest to garden vegetables, including 
late potatoes, but root crops, wheat, hops, and fruit trees were also 
damaged. The cutworm was described as being so ravenous that it 
ate clover at the roots. Tar applied at the base of the poles in hop 
fields protected hops. In the first ten or twelve days after the appear- 
ance of the pest about half of the entire vegetable crop was destroyed 
in some sections. At Fern Hill, Wash., the cutworms were eating 
fruit and leaves of pear trees; at Melbourne they were ‘‘ cleaning up 
everything,” half a dozen of the pests being present on every square 
foot of ground; at Kalama the cutworms were ‘‘ doing great damage 
to all growing crops, climbing trees and nipping the fruit, eating 
potatoes in the ground as well as the tops.” 
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INJURIES IN THE DOMINION OF CANADA. 


Notice is given of a disastrous outbreak of this cutworm all through 
the Province of British Columbia during the season of 1900, by Dr. 
James Fletcher in his article entitled Injurious Insects in Ontario for 
1900 (Thirty-first Annual Report Ent. Soc. Ontario for 1900 [1901], 
pp. 68, 69). Some notes are also given on this species in connection 
with its occurrence at Ottawa, Canada, it being stated, among other 
things, that it attacked garden plants and apple trees. 

A still more elaborate report wpon the outbreak of this species in 
the various provinces of Canada was given by the same writer in his 
report as entomologist and botanist of the Experimental Farms of the 
Dominion of Canada for 1900, pages 215-227. This includes detailed 
accounts of injuries similar to those that have been reported in the 
present bulletin in different localities in British Columbia, where 
injury was most severe, with briefer mention of the occurrence of the 
species in Manitoba and Ontario, where it was stated to have been 
more than usually abundant. The first intimation of the outbreak 
was received from Kelowna, British Columbia, in a letter dated July 9, 
and every day after this for more than a month letters were received 
by Dr. Fletcher, accompanied by specimens, as in the case of injuries 
reported to this office, all of which proved to be the species under — 
discussion. 

Injuries in Canada, as previously stated, were chiefly in British 
Columbia, and may be briefly summed up: At Kelowna, British Colum- 
bia, the tobacco crop-was quite seriously injured. At Victoria and Lulu 
Island, Cowitchan, Chilliwack, and Saanich injury was also reported; 
** whole fields of carrots and other things were cleared off.” In conse- 
quence of the exhaustion of Paris green in the Province and adjoining 
States the Canadian Government was telegraphed for 500 pounds of 
this insecticide. This was as early as July 30. The lawns about the 
government buildings at Victoria were swarming with these cutworms, 
and they were rolled, this having the effect of killing them by thou- 
sands. At Salt Spring Island it was noticed that some of the cut- 
worms devoured those which had been poisoned. At Dog Creek 
potatoes were quite severely injured, and when the cutworms had 
finished eating the leaves of potatoes they began to cross a fence into 
agarden. <A ditch was cut and water turned in, which had the effect 
of drowning them by thousands. This is sufficient evidence that the 
species had assumed the army-worm habit in that vicinity. Ovi- 
position was noticed on the leaves of hops August 10. Injury in 
the locality mentioned was also. noticed to peas and beans. The cut- 
worms ate the ends of the pods and afterwards the contents. Of 
onions they ate the tops and then went down the stalks. Injury was 
mentioned at a locality designated as the 150-mile House; also at 
Horse Fly, Soda Creek, Quesnelle Mouth, and New Westminster. 
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Gardens generally were being destroyed in some of these localities, and 
nasturtiums were attacked. At Comox the cutworms were described 
as having attacked everything green, field and garden crops and house 
plants. Somewhat similar reports of injuries were received from 
Agassiz and Froek, and at Saanich grain crops were suffering. At 
Agassiz it was noticed that a species of cedar (Thuja vervancana) was 
being eaten. Many of the cutworms were entering the ground at this 
last-mentioned locality July 27, preparatory to forming chrysalides. 
Mr. J. W. Webb, Maywood, Victoria, British Columbia, reported, 
under date of July 28, that whole crops were being entirely eaten, and 
that around five turnips in his garden he found 236 cutworms. Every 
flower bud of carnations was eaten, and dahlias were devoured to the 
stems. The insects had entered conservatories and tomato houses. 
Later injury was reported at Langley Prairie, Caslo, and Armstrong. 
In the last-mentioned locality the speeies was known as the army worm. 
At Nanaimo this cutworm was reported, August 13, as having traveled 
when food was scarce and having stripped nettles and thistles, and 
done injury to clover, as well as to mangéls, potatoes, and turnips. 
Into these root crops they had bored whenever near the surface of 
the ground. At Okanagan Mission a copious irrigation proved a good 
method of controlling this cutworm. 

An epitome of the occurrence of this species in the vicinity of Vie- 
toria, based chiefly upon the observations of Mr. J. R. Anderson, con- 
cludes Dr. Fletcher’s account of injuries, in which the fact is brought 
out that attack was probable in Idaho. The potato crop was probably 
reduced one-third, and other root crops in proportion. The second 
crop of clover was almost entirely destroyed. From other accounts 
it seems that peas were severely attacked. In one instance the crop 
was lessened 50 percent. Altogether the period of attack lasted from 
six weeks to two months. Caterpillars captured by Mr. Anderson 
were all in chrysalis by the end of August or the beginning of Sep- 
tember, and a number of moths emerged in October. 


INJURY DURING 1901. 


During July, 1901, Mr. A. Lloyd Rockwell, Monroeton, Pa., sent 
on the 5th larve, with report that the species was attacking tobacco, 
moving about on the plant in the same manner as the common green 
tobacco worms. On the 6th Mr. J. F. Littooy, Everett, Wash., sent 
specimens of this cutworm, reporting its reappearance in that vicinity 
about the Ist of July. This was the date of the first active appear- 
ance, although larve had been noticed the Ist of April. It was also 
noted on cabbage from California. July 26 ege masses of this species 
were received from Mr. W.S. Stockbridge, Glencarlyn, Va., on apple 
twigs. At Tioga, Pa., according to Mr. C. L. Miller, who wrote on the 
31st, these cutworms were proving a pest on tobacco and cucumbers. 


INJURY IN GREENHOUSES. 


The following reports of injury in greenhouses have reached this 
Division in the last few years, each communication having been accom- 
panied by specimens: 

December 19, 1894, word was received from the Florists’ Exchange, 
New York City, that this species was very destructive to rose and 
carnation plants in greenhouses near that city. 

April 29, 1895, through the American Florist, Chicago, IIl.,a report 
was received that the cutworm was very destructive in greenhouses. 

In 1898, Mr. John Spaulding, New London, Conn., writing April 12, 
stated that this cutworm bored into the calyx of carnation flowers and 
cut up the petals, and, but for the vigilance of his employees in hunt- 
ing it nightly, it would have destroyed a bed 40 by 6 feet. Octeber 
26, moths were received from Mr. B. E. Scruggs, Campbell, Va. 
This cutworm was found on cultivated violets at that place. Novem- 
ber 25 of the same year larvee were received from Mrs. F. B. Boone, 
Charlottesville, Va., with the statement that they were found in violet 
houses and ate the blossoms. 


MISCELLANEOUS OBSERVATIONS. 


In addition to the larvee which have been mentioned as having been 
observed in the neighborhood of the District of Columbia and as hay- 
ing been received from correspondents, others were taken at intervals 
in and near the city of Washington during 1900—August 16 on 
squash and September 17 on plantain (P/lantago lanceolata). Pupation 
of individuals received from the Pacific States began early in August, 
and by the middle of the month many had transformed. The first 
moth obtained issued August 25 from material received from Olga, 
Wash. From moths in confinement eggs were obtained August 27, 
which began hatching at 3 p. m. of September 6, the duration of the 
egg stage in this instance having been about ten days. From this lot 
larve matured October 3, or in twenty-seven days. Hence we may say 
that the larval stage in the warm weather of fall which prevails in the 
District of Columbia is about four weeks. When in ordinarily fine 
“arth the larva constructs a quite firm cocoon, at least in the autumn. 
Possibly earlier in the season a less substantial one is made. 


BIOLOGIC LITERATURE. 


As this is one of the most destructive as well as best known cut- 
worms of North America its economic literature is considerable. In 
European writings it is seldom noticed as injurious. 

It was given its specific name by Huebner in 1816 (Samml. Eur. 
Schmett. Noct., p. 378), but is credited with having been first described 
and figured by Ernst & Engrammelle as Za Rubiconde in 1790 (Papil- 
lons d'Europe, Vol. VII, p. 65, pl. 278, fig. 455). It appears to have 
been first recognized in this country, as previously noted, in 1841, by 


57 


Harris, who described it as new under the impression that it was 
native, giving it the name of Agrotis ¢nermis or unarmed rustic-moth 
(Rept. Ins. Mass. Inj. to Veg., 1841, p. 328). 

This was the first of the twelve species of cutworms treated by the 
late Dr. Riley in his first Report on Insects of Missouri (1868, p. 72). 
It was reported as doing considerable damage to grapevines grown in 
cold frames. Mention was made of the finding of egg masses of this 
insect on twigs of apple and mulberry trees, the account concluding 
with descriptions of all stages, which were also figured. 

In Departmental publications this species has received brief notice 
in the Annual Report for 1884 (pp. 298, 299), and in Insect Life it is 
mentioned in connection with injuries to carnations (Vols. II, p. 376, 
and IV, p. 405). In the case of injury last cited, 400 or 500 buds were 
destroyed in one greenhouse in less than a month. In the same publi- 
cation serious depredations to potaco, cabbage, and tomato plants in 
Arkansas are noted (Vol. III, p. 149). 

In later years various accounts were given, one of the best by Dr. 
Lintner, who furnished a bibliography up to 1888, his account appear- 
ing the year following (Fifth Report Ins. N. Y., pp. 200-206). 

A good account, with original figures, was given by Mr. M.V. Sling- 
erland in 1895 (Bul. 104, Cornell Univ. Agl. Expt. Sta., pp. 579-584). 

This species was considered ina paper entitled ‘‘ Insects infesting 
carnations,” and published by F. A. Sirrine in the American Florist 
for March 3, 1900, page 912. He stated that this cutworm, with the 
cabbage looper, was the worst of the transient pests in greenhouses 
where carnations were grown. Indications were that this cutworm 
enters forcing houses not by being introduced in the soil but through 
egos deposited by the parent moth in the houses after transplanting. 

An earlier account of injury by this cutworm to carnations was 
given by Dr. E. P. Felt (Country Gentleman, May 11, 1899). He 
stated that the leaves were not only considerably eaten, but the buds 
had also been excavated, and in one or two cases the cutworm was 
found nearly hidden in the almost empty calyx. 

Since the present bulletin was prepared for publication Messrs. 
R. W. Doane and D. A. Brodie have issued a 16-page publication 
upon this insect as Bulletin 47 of the Washington State experiment 
station. The account in question has particular reference’ to the inva- 
sion of 1900, and includes, besides, a brief history of this species and 
its introduction, description of the different stages, and its life history, 
as far as known, the article concluding with a list of parasites and a 
consideration of remedies. 


LIST OF FOOD PLANTS. 


The list of plants on which this insect is known to feed can be 
inferred from the preceding to be a very long one, including as it does 
plants differing widely botanically as well as in flavor and texture. 
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In Europe it is comparatively innoxious, confining itself chiefly to 
weeds, such as chickweed (Stellaria), Litorella, plantain (Plantago), 
dock and sorrel (Rumex), Carduus and Centranthus, food plants 
reported by Kaltenbach, and others. When the species becomes unusu- 
ally abundant in this country, injury appears to be about equally 
divided between garden and field crops and orchards, although garden 
vegetables are evidently the first crop to be attacked. In greenhouses 
it also does much injury, being one of the most annoying of the cut- 
worms which attack plants grown under glass. The list of green- 
house and other ornamental plants affected includes violets, pansies, 
carnations, smilax, roses, sweet pea, hollyhock, sunflower, nasturtiums, 
and chrysanthemums. Grapes and lettuce are also much subject to 
injury when grown in cold frames. Of garden vegetables attacked 
are cabbage, turnips of different kinds, celery, lettuce, carrot, radish, 
beets, rhubarb, asparagus, onions, squash, potato, tomato, beans, peas, 
and bush fruits, including currant, gooseberry, raspberry, blackberry, 
and strawberry. Fruit trees of various sorts are sometimes divested 
of their foliage, as are also deciduous shade and forest trees. The list 
includes cherry, apple, pear, peach, prune, plum, cedar, mulberry, and 
box-elder. Of field crops it injures corn, wheat, timothy, and other 
grasses, alfalfa, clover, hops, and tobacco. Although not at all partial 
to weeds, it at times attacks nettle, thistle, dog fennel, fireweed, and 
several other kinds of weeds. 

In its attack on cabbage it works in the same manner as the imported 
cabbage worm (/%er/s rape), boring into the head and thus doing 
great damage. It cuts off the tender portions of almost all kinds of 
plants, including the heads of timothy. When it does not work in 
this manner it strips the leaves off its food plants. Mr. Slingerland, 
in writing of the injury by this species to chrysanthemums, states that 
a cutworm would climb a flower stalk and, upon reaching a blossom, 
firmly grasp the stalk just below with its prolegs, and then reach out 
as far as possible to the petals and eat them down to the base. The 
outer portion of the petals, which it could not reach, usually dropped 
to the ground. 

While it is not probable that many succulent plants are exempt from 
attack, squash and other cucurbits, and the poppy, according to the 
testimony of our correspondents, are evidently distasteful, and would 
not be eaten provided more appropriate food was available. It is 
quite evident that this cutworm is capable of attacking any portion of 
a plant, as was witnessed during the year—flowers, buds, seeds, seed 
pods, leaves, tender stalks, tubers, roots, and even the bark of trees, 
particularly around grafts. It appears to prefer, as seems natural, 
flowers and tender leaves and seed-pods, and attacks other parts of a 
plant when the supply of the choice portions is exhausted. For exam- 
ple, after consuming the tops of such root crops as potato, turnip, 
onion, and carrot, all of which appear to be favorite food plants, this 
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cutworm attacks the tubers or bulbs; and, after devouring the foliage 
of fruit trees, it gnaws the bark. 


LIFE’ HISTORY. 


HIBERNATION AND X#STIVATION. 


In regard to the manner of passing the winter, Mr. Slingerland 
(1. ¢., p. 104) sums up what has been published regarding the insect, 
which he believes indicates that it winters as a pupa or moth, the eges 
being laid in the spring, notwithstanding the fact that, according to 
Dr. Forbes, hibernation sometimes takes place as larva. 

To write with certitude in regard to a point in an insect’s life history 
like hibernation, one must have the insect under observation in dif- 
ferent seasons and in different localities. Recent observations by the 
writer in the neighborhood of the District of Columbia show that here 
at least this species passes the winter in the larval condition, although 
probably also as moth, and even as pupa. Messrs. Doane and Brodie 
‘‘carried the insect through the winter in the pupal stage” at Pull- 
man, Wash. This is probably seldom the case about the District of 
Columbia. 

Early in October, 1899, the writer found an egg mass of this species 
on celery at Brookland, D. C. .It was kept in a moderately cool 
room and by the close of the month larve hatching from these eggs 
and fed on celery leaves had attained nearly full growth, all of them 
disappearing into the earth by the 3d of November except one, which 
was diseased, and which will be mentioned later. December 20 
moths began issuing in great numbers and deposited eggs in large 
masses in the rearing jar. The eggs hatched January 8 and 11, but 
we were unable to rear moths from this lot. Larve were found at 
intervals in warm spells during the winter, where they had come up 
under boards and in similar places for feeding. ~ It seems probable 
that in the southern range of this insect breeding is almost continuous. 

What has been related is sufficient to show extreme irregularity in 
development. The observations conducted by Dr. Fletcher in Canada 
show quite conclusively that the insect at least attempts to hibernate as 
pupa, although the fact that it does so appears to remain to be ascer- 
tained. November 9 two pupe were dug up at Ottawa which pro- 
duced the moth tendays afterwards indoors. The ground was covered 
with snow at the time and it seems probable that under such conditions 
hibernation would have been successful. 

A larva of this species was obtained at Cabin John, Md., feeding on 
cabbage, January 15,1900. It continued feeding a few days and then 
descended into the earth and was kept under continuous observation 
until August 20, when it transformed to pupa. During all this time, 
a period of seven months, this larva partook of no food and at times 
appeared nearly dead, as it scarcely moved when disturbed. The. 
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imago issued September 10, the pupal stage having lasted twenty-one 
days. 
This is a somewhat remarkable instance of prolonged estivation, 
but not without parallel, a similar instance having already been 
recorded by the writer (Bul. 6, n. s., p. 88). In the instance cited 
protracted development occurred with the larva of Ephestia kuehniella, 
the Mediterranean flour moth. <A similar irregular development has 
been noticed in Cacacia rosaceana, the oblique-banded leaf roller. 
While the larva above mentioned was under observation others 
were found and taken indoors for further study. One of these, taken 
March 23 under a board where it had fed on strawberry leaves, trans- 
formed to pupa April 20, the moth appearing about three weeks later, 
while other larvee obtained a little later transformed to pupa May 11. 
and later, the first adult emerging May 31. The pupa stage in this 
vase lasted ten days. 


SUMMARY OF LIFE HISTORY. 


From the summary of the life history of this species which has been 
made by Mr. Slingerland (1. ¢.), together with recent observations con- 
ducted by the writer, it is obvious that, although some data are miss- 
ing, we have a fairly complete knowledge of the insect’s life economy. 
Although it is very irregular in development, and is to be found prac- 
tically in all stages throughout the year, at least in greenhouses and 
elsewhere indoors, it seems probable that as a rule this cutworm agrees 
with most others in passing the winter as larva, although hibernation 
takes place to a limited extent in the pupal and probably the adult 
conditions. In the State of Washington hibernation in the pupa state 
appears to be normal. From the fact that attack has been often noticed 
in May—for example, at St. Charles, Mo. (on the 23d, as previously 
recorded, and two days later at Washington, D. C.)—it is obvious 
that much injury may be done in spring by over-wintered larve. 
Dr. Riley was of the opinion that there were at least two and possibly 
three generations of this species produced in the latitude of St. Louis, 
and there is reason to believe that this will hold good for the District 
of Columbia and vicinity. Attack, then, of hibernated larvee begins 
in a latitude like that of the District sometime in May. <A second 
generation is produced which causes injury in July_and August. The 
majority of these insects probably disappear toward the end of the 
month of August, but some of them transform to pup and after- 
wards to moths which lay eggs for an exceptional third generation. 
It seems probable that whatever is the life history it does not vary 
much throughout the region in which this species is injurious and we 
would expect to see the same ora very similar life history in Washing- 
tonand Oregon, where this cutworm was so destructive during the past 
season. The last generation is produced so late in the season and is so 
small in extent that comparatively little injury is done. Of the cases 
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recorded in previous pages, it would seem that injury is about equally 
divided between the first and second generations. This, however, is a 
matter that it would be difficult to decide, as it is impossible to sepa- 
rate the two broods. 

Reports of injury during 1900 were almost continuous and were 
accompanied by specimens, as a rule at or near maturity, from May 
12 to the first week of September. 

The duration of the egg stage was noted in a moderately cool room, 
average temperature of 60°-68°, and ascertained to be three weeks. In 
midsummer this stage is, of course, much shorter. The larval stage 
probably lasts between three and four weeks, according to tempera- 
ture, and the period of estivation, as previously stated, may extend 
over seven months. The pupal stage was observed to be between ten 
and twenty-one days, and may be much longer when winter is passed 
as pupa. 

NATURAL ENEMIES. 

As with the army worm, and to a lesser extent with the 1899 out- 
break of the fall army worm, much was expected, by those who had 
the variegated cutworm under observation, from parasitic and other 
natural enemies which often attack and destroy insects having the 
habit of periodically traveling in armies. With the fall army worm 
it has been shown that the natural enemies were somewhat of a disap- 
pointment, and the same was to a certain extent true in the case of 
the variegated cutworm in its occurrence in British Columbia, as 
elsewhere. Locally, however, natural enemies were of some service, 
and possibly more beneficial than observations go to show. It seems 
probable that in many cases destructive elements were at work that 
escaped notice. 

Two of our correspondents previously mentioned, Messrs. Willis 
and Mayse, of Oregon, have written of the efficacy of chickens as 
destroyers of this cutworm. In one case chickens were turned into a 
garden, and they partly cleared the plants of the worms. Mr. Mayse 
stated that hogs and some birds were very fond of this cutworm, and 
were quite destructive to it. 

From the latter correspondent also we received from Dora, Oreg., 
parasitized specimens, the parasites from which issued late in August, 
and proved to be, according to Mr. Coquillett’s determination, the 
Tachina fly (Phorocera saundersii Will.). 

From the same correspondent we received July 21 a Peridroma 
saucia larva upon which a larva of a Therevid was preying. 

The Tachina fly (Archytas analis Fab.) issued June 25 from a pupa 
of this cutworm obtained from Eureka, Ill. The following day it was 
reared from Leucania unipuncta received from McPherson, Kans., 
where the variegated cutworm was also present during the year.' 


1 This species is also parasitic on Clisiocampa californica Stretch. 
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From material received from Mr. Willis, Olga, Wash., a number of 
parasites of /ehneumon capitus Cr. issued during the last days of 
August and first of September. As near as could be estimated, fully 
50 per cent of the pupe received from our correspondent in one lot 
were parasitized by this Ichneumon fly. 

Evidence was afforded March 2 that a common ground beetle, Scar- 
ites subterraneous Fab., preys upon the variegated cutworm. On that 
date a larva was found, under a board, that had evidently been killed 
by this insect, which was feeding upon it at the time of capture. All 
of the natural enemies of this cutworm which have been mentioned 
have come under observation during the season of 1900. 

In Dr. Fletcher’s article (loc. cit., pp. 225-227) two pages are 
devoted to the subject of parasites and predaceous enemies. At 
Victoria, British Columbia, three lots of larve were almost all 
destroyed by the maggots of a parasitic fly, Tachinid judging by the 
description. The presence of Tachina eggs on the heads of cutworms 
was reported at Salt Spring Island. <A large black fly, presumably 
an Ichneumonid, was observed at Vancouver. One parasite was iden- 
tified (Aleteorus vulgaris Cres.) from British Columbia. 

Two parasites identified as destroying this cutworm are placed on 
record by Messrs. Doane and Brodie (Bul. 47, Wash. Agl. Expt. Sta., 
1901, p. 10). They are /chneumon maurus Cr. and Meteorus indagator 
Riley. Three other species of Tachina flies are parasitic on the 
variegated cutworm. These are: Chetogedia monticola Bigot, Gonia 
capitata DeG., and Winthemia 4-pustulata Fab. The last mentioned 
has been figured in the paragraph on the natural enemies of the fall 
army worm. 

A very large proportion of the larvee received late in the season 
from the Pacific States died under conditions which would have been 
favorable to most caterpillars. It is not improbable that disease was 
present when the material was gathered, but of this we can not be cer- 
tain, since it is a matter that would have to be decided by residents or 
at least persons temporarily resident in the infested sections, as larvee 
confined in unnatural conditions for some time are apt to develop dis- 
eases Which might not have affected them in the field. Their decease 
was probably due to the same cause as that noticed by Doane and 
Brodie, and by Fletcher in British Columbia—i. e., to bacteriosis. 
According to Dr. Roland Thaxter, who examined material from the 
latter source, cutworms are subject to Hmpusa aulica, and that author- 
ity on fungous diseases expressed the opinion that, if careful investi- 
gation had been made during the invasion, this or some other species 
of Empusa would have been found destroying them. 

In British Columbia robins, crows, the blue jay, chickens, ducks, 
and pigs were reported to have been observed destroying this cutworm. 

In the State of Washington chickens, turkeys, guinea hens, and other 
poultry, as well as crows, did good work in repressing this species. 
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From what has been said in previous paragraphs the utility of domes- 
tic fowls and other animals is obvious. With proper judgment their 
services would save great losses that it might otherwise be difficult to 
avert. 

Poisoned bait, a standard remedy against cutworms, is of value 
against this species under ordinary circumstances. To be effective it 
should be applied as soon as attack is noticed. It can be prepared in 
the ordinary manner by mixing. It is particularly valuable in cases 
where the direct application of poisons to a plant is impossible owing 
to the danger of poisoning persons or stock when it is used for food. 
There are two kinds of bait—fresh vegetable and bran mash. 

Vegetable bait.—A good way of preparing a vegetable bait is to 
spray a patch of clover, pigweed, or some useless succulent plant that 
grows by the roadside or in fence corners, with Paris green, 1 pound 
to 150 gallons of water; mow it close to the ground, and place it while 
fresh in small heaps about the infested plants at intervals of a few 
feet. The later in the day that this can be done the better, as the 
material keeps fresh longer and the cutworms feed almost exclusively 
at night. Owing to the wilting of this bait, particularly in dry, sunny 
weather, it is advisable to cover each heap with a chip, shingle, or bit 
of bark for its protection against the sun’s rays. 

Bran mash.—What is known as bran mash or bran-arsenic mash is 
of equal value to a fresh vegetable bait, and, according to some, still 
more efficacious. Paris green, arsenoid, white arsenic, or in fact any 
arsenical can be used for poisoning this bait, and in its preparation, 
on account of the weight of the poison and the fact that it soon sinks 
to the bottom of the water when stirred, it is best first to mix the 
bran with water and sugar and then add the poison. The proportions 
are 2 or 3 ounces of sugar or a similar quantity of glucose or 
molasses to a gallon of water and a sufficient amount of bran (about a 
pound per gallon) to make, when stirred, a mixture that will readily 
run through the fingers. 

Before planting a crop it is advisable to employ such bait, and for 
its perfect success the ground should be bare, which will have the 
effect of practically compelling the cutworms to feed upon it. 

Protection of plants that are set out, such as tomato, cabbage, and 
others, started under glass, may be secured by placing about the base 
of each a tablespoonful of the poisoned bran or a small bunch of the 
poisoned vegetable. Sometimes it is feasible also to dip the plants in 
poison before setting out. Where it is possible, however, to spray 
erass or weeds which have grown up in fields about to be cultivated, 
this should be done, as it is an easy means for riddance of the cut- 
worms and is less troublesome than the preparation and distribution 
of baits. 
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Protection of trees.—Numerous preventives of injury to fruit and 
other trees by climbing cutworms and other caterpillars with habits 
like the present species have been devised, and some have been found 
quite satisfactory. The method of protection in question consists, in 
brief, in placing about the trunk of each tree a band or ring of smooth 
or tarred paper, cotton batting, or adhesive substances, over which 
the ‘‘worms” can not crawl. The best of these is cotton batting, and 
in its application a good way is to cut thin sheets into strips 4 or 5 
inches wide, long enough to reach around the tree and to be wrapped 
tightly to the tree at the bottom, so that the band rolls over the 
lower edge, standing out somewhat from the tree and forming a sort 
of funnel or cone-shaped mass of batting. These bands or collars, 
it is claimed, are effective for a whole season, as they become dry 
after being wet by rain. Adhesives are sometimes dangerous, partic- 
ularly if applied to young trees. 

Bordeaux mixture.—This fungicide, according to Messrs. Doane and 
Brodie, was tested recently against the variegated cutworm upon 
potato vines and asparagus. It was sprayed on as a remedy for 
blight, and it was discovered that the plants thus treated were free 
from attack by this cutworm. The use of this fungicide as a cut- 
worm deterrent is certainly advisable. In any case, it should be used 
as a diluent for whatever arsenical is used. 

Hand methods.—On some plants it is next to impossible to apply 
any but hand methods with good results. Experiments in Washing- 
ton State during the season of 1900 demonstrated conclusively that in 
some cases it required less time to shake or brush the variegated cut- 
worm oft from affected plants than to destroy them by means of spray- 
ing or otherwise. 

Greenhouse methods.—A few words should be said in regard to 
remedies to be employed in cases of greenhouse infestation by this 
cutworm. The poisoned baits are, of course, applicable here, and the 
hydrocyanic acid gas treatment of a greenhouse when employed for 
aphides and other insects will help to destroy these worms, especially 
when they are young. Its use can not be advised, however, for cut- 
worms alone. In ordinary cases they can be held in check by hand- 
picking. It is the custom of some florists to hunt for them at night 
with a lantern, when they are feeding and can readily be discovered 
and destroyed. 

Treatment as an army worm.—When the variegated cutworm 
assumes the habit of traveling in armies it should be treated in the 
same manner as advised against the fall army worm in preceding 
pages. 
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SOME MISCELLANEOUS RESULTS OF THE 
WORK OF THE DIVISION OF ENTOMOLOGY. 
V. 


THE DIFFERENTIAL GRASSHOPPER IN THE MISSISSIPPI DELTA — 
OTHER COMMON SPECIES. 


By H. A. Morean. 


INTRODUCTION. 


The differential grasshopper has been known to occur in the Upper 
Mississippi Valley for many years, but its appearance in devastating 
numbers as far south as the State of Mississippi is of recent date. In 
1890 and 1891 crevasses occurred on the east side of the Mississippi 
River between Rolling Fork and Coahoma, Miss. Plantations in this 
delta region around Hampton Station, on the Riverside Division of the 
Yazoo and Mississippi Valley Railroad, were inundated, and for a few 
years following grasshoppers appeared in destructive numbers; ** Lin- 
den,” **Glen Willow,” and ** Richland” plantations suffering the most. 
Though these attacks were more or less local and no urgent complaints 
were heard, the outbreak following an overflow of 1897 was attended 
by more serious and widespread injury. The results of an investiga- 
tion of this latter outbreak, made during 1899 and 1900, are discussed 
in this article. 

In Bolivar County, Miss., is located the famous Dahomy property 
(19,000 acres), which is perhaps the largest cotton plantation in the 
South. Upon this property, about 1 mile east of the Yazoo and Mis- 
sissippl Valley Railroad, a basin consisting of about 300 acres exists. 
After the crevasse water of 1897 receded this basin remained flooded. 
The crevasses opening as late as the 28th and 30th of March and the 
water remaining upon the property for at least six weeks so delayed 
planting that no attempt was made to include the basin in the cultiva- 
tion of 1897. It became a forest of weeds and a most favorable feed- 
ing and breeding ground for so sturdy and prolific a species of grass- 
hopper as the differential. The spring of 1898 was favorable for early 
planting, and the basin, with the rest of the property, was ploughed, 
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put in a state of thorough cultivation, and planted. Early in June 
rows of cotton adjacent to the ditches draining this basin were damaged 
by grasshoppers, but little attention was paid to the particular species, 
as the area attacked was considered insignificant. Nothing was done 
to suppress this miniature outbreak or to avoid a repetition of it the 
following year, but the situation was no more threatening than that 
witnessed on neighboring plantations a few years previous. 

The vigor of the attack in 1899, spreading perhaps from different 
infesting areas for hundreds of miles, was unexpected, and no effort 
was made to check the young grasshoppers at the time when remedial 
measures are more or less effective. So little attention was paid to 
the grasshopper situation that the early molts had taken place and the 
nymphs had reached a considerable size before a condition almost equal 
to a plague was realized. 

The ravages upon Dahomy began in and around the basin and spread 
in a northwesterly direction until more than 5,000 acres of corn and 
cotton were involved. 

Mr. P. M. Harding, representing the owners of Dahomy, outlined 
in the following letter to the Hon. James Wilson, Secretary of Agri- 
culture, the gravity of the situation: 

VickxssBurG, Miss., July 6, 1899. 

Dear Sir: I sent you by express yesterday from Benoit, Miss., some specimens of 
corn and cotton stalks and other vegetation, together with a box of grasshoppers, for 
your examination, and in the hope that you may render us some immediate assist- 
ance in the matter of destroying the grasshoppers that are devouring our crops of 
cotton, corn, oats, millet, and pease. 

I beg to explain that I represent the Equitable Company of New York, which has 
recently acquired the large plantations formerly owned by the late Mr. James 8. 
Richardson, including what is known as the Dahomy property in Bolivar County, 
Miss., which consists of about 19,000 acres of land, with between 9,000 and 10,000 
acres in cultivation, and which isthe largest cotton plantation in the South. It is on 
this property that the grasshoppers are doing the greatest damage, and unless their 
ravages are terminated by some means ata very early date I am satisfied they will 
entirely eat up the crops. 

The grasshoppers made their appearance on Dahomy early in the spring, feeding 
first on the vegetation along the sloughs, the edge of the timber, and on the ditch 
banks. I was on this property about three weeks ago, and found that while they 
were rapidly increasing in numbers they had done but little damage to the crops, 
eating a little young cotton at the end of the rows along the ditch banks, and here 
and there we saw where they had cut some of the stalks of corn at. the ends of the 
rows, and they were about that time beginning to feed on the oats. My managers 
have been reporting from time to time of their increase, but not until ten days ago 
did they report that they were going away from the ditch banks and completely 
covering the fields. 

I have just returned from this property, and beg to give you my observations con- 
cerning the damage done to the various crops, as follows: 

Cotton.—They have totally destroyed 300 acres. What I mean by totally destroy- 
ing this acreage is that they have eaten all of the foliage off of the stalks, killing 
the stalk completely, and on a large part of this 300 acres there is not a vestige of 
stalk left, the ground being as bare as when it was first broken up for planting. 
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There are 2,000 acres more that they are working on now and haye damaged 50 
per cent. They are eating the leaves and the forms or blooms, as well as the tender 
bark from off the stalks and limbs, causing the limbs and stalks to shrivel up and 
die, and if they continue their work ten days longer they will have completely 
destroyed the cotton on these 2,000 acres. 

On the remaining acreage in cotton, there being a total of something over 5,000 
acres, they have not as yet done any great damage, but it all lies contiguous and there 
are grasshoppers on every acre of it, though not in sufficient quantities thus far to do 
much harm. 

Corn crop.—There are 150 acres totally destroyed, by which I mean to say that 
the grasshoppers have eaten the tassel and the silk from around the ear completely, 
which means that under these circumstances the corn can not mature. They follow 
the silk down into the ear and eat out the tender cob; they have also eaten holes 
through the shucks, and clear through the ears of corn, and in addition are strip- 
ping the corn of the blade. In riding through a patch of 100 acres I found the 
grasshoppers on the statks all the way from the ground to the top, as well as on the 
blades, and numbers of them on the tassels. I counted as many as 30 on the tassels 
and 15 on some of the blades, averaging probably 25 to 50 grasshoppers to each 
stalk. 

In addition to the corn that they have compietely destroyed there are about 300 
acres that they have partially destroyed, and there are some grasshoppers in smaller 
quantities in all of the balance, which balance has been damaged but little thus far, 
though if they continue their ravages to the same extent that they have been work- 
ing for the past two weeks they will ruin it all. 

Oats.—Our oat crops before we cut them were damaged fully 50 per cent. The 
grasshoppers ate the blade and then cut off the head, leaving the ground perfectly 
white in places. 

Millet.—The millet is literally alive with grasshoppers, but as it is very thick the 
damage does not seem to be so great, though if they continue their work they will 
doubtless ruin it. 

Sorghum.—While the sorghum patches are filled with grasshoppers I can not see 
that they have done any great amount of damage; only here and there we found 
where the blades had been cut. 

In the foregoing I have tried to give you a thoroughly correct idea from my own 
personal observation of the damage done on this property. As far as I have been 
able to ascertain the grasshoppers have not done much damage south of the town 
of Benoit, which is in Bolivar County, though in the northern part of the county I 
am advised that they have eaten up whole crops as they are now doing on Dahomy. 
Mr. Charles Scott, of Rosedale, informs me that they are devouring his crops as well 
as other crops in his neighborhood. They are also to be found along the ditch banks 
on the plantations throughout Washington County, though they have thus far done 
but little injury to the crops there. 

I have written to the agricultural colleges in this State and Louisiana endeavoring 
to get them to send some one to look over the situation and devise some means for 
preventing further damage, if possible, as well as to put a stop to their ravages in 
future, but unfortunately the entomologists of both colleges are absent, one of them 
being in San Francisco and another at Cornell University. 

I now write to ask that you send some one to investigate the matter with a view of 
applying a remedy.immediately, or instructing me what to do in order to save a part 
of our crops this year. 

Both colleges have sent me their formule for preparing a mixture of poison, con- 
sisting of paris green with bran and molasses or sweetened water, and distributing 
it through the fields. We have carried out the directions and find that the grass- 
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hoppers eat the mixture voraciously, but it does not seem to kill them. We find a 
very few dead grasshoppers, but practically the mixture does them no harm. We 
have dusted the grass and weeds in the ditches with the raw, unmixed paris green, 
where the grasshoppers were in great numbers, and upon examination next morning 
we would find a few dead ones at the bottom of the ditch, but just as many living 
ones feeding on the grass as before we sprinkled it with paris green; hence it seems 
that this poison is not efficacious. 

I feel that the matter is one of great importance to the cotton planters of this 
section, and I sincerely trust that you will send out one of your best men to Vicks- 
burg and I will take pleasure in going with him to this property and taking care of 
him while there, rendering every facility for destroying the pests. 

IT am advised that in 1897 the first was seen of the grasshoppers in this locality in 
any quantities, and that year they did but little damage, eating some cotton or corn 
at the ends of the rows along the ditch banks. In 1898 they did more damage along 
the ditch banks on this particular property, injuring probably one or two hundred 
acres of cotton. However, they did not destroy any of it outright, while this year 
they literally cover the larger part of the property, and in the foregoing letter I have 
endeavored to give a correct estimate of the damage done to date. 

It is not the same species that we have had with us all along, and we are disposed 
to fear that perhaps the grasshopper of the West or some other similar species is now 
visiting us. 

Very respectfully, P. M. Harpina. 

Hon. James WILSON, ; 

Secretary of Agriculture, Washington, D. C. 


Mr. Harding’s letter was referred to the Division of Entomology, 
and Dr. L. O. Howard made the following reply: 


Jury 11, 1899. 

Dear Str: Your letter of the 6th instant, addressed to the honorable Secretary of 
Agriculture, duly received and referred to this Division for attention. I wish to 
acknowledge also the receipt of two large packages, one of corn and one of cotton, 
sent from Benoit, Miss. An examination shows that the grasshopper which is depre- 
dating so seriously on cotton, corn, etc., in Mississippi proves to be what is known as 
the differential locust (Melanoplus differcntialis Thos.). This is a common native 
species of grasshopper, occurring every year throughout the Mississippi Valley. It 
feeds normally on grasses, such as timothy, alfalfa, and clover, as well as the native 
grasses, and is not especially an enemy of cereal crops or cotton. In Mississippi, 
however, it has been known to multiply excessively in lowlands and waste grass 
patches along ditches, and so forth, and to migrate from such situations into cotton 
fields and neighboring cornfields. This habit, therefore, is unusual and peculiar, 
and dependent on very favorable conditions, which have led to the unusual multi- 
plication of the grasshopper. The habits of this species have been detailed in three 
of our bulletins relating to grasshoppers or locusts. I am sending you a copy of 
each of the three, namely, Nos. 25, 27, and 28, old series, giving habits of different 
species of grasshoppers and the means of control. The differential locust is dis- 
cussed in Bulletin No. 25 on page 30, in Bulletin No. 27 on pages 62 and 68, and in 
Bulletin No. 28 on pages 15 to 17. I refer you particularly to the advice as to reme- 
dies mentioned under this species in Bulletin No. 27. After the locusts have become 
winged, as many of them are at present, it is impracticable to attempt any of the 
ordinary means of control, such as collecting with hopperdozers or driving them 
into ditches, and so forth, and the only remedy is in the use of poisons. I do not 
believe the bran-arsenic mash to be practicable over the large areas infested, in view 
of the scattered condition of the locust. It will doubtless be of more or less avail, 
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but I am inclined to think that very heavy poisoning of all grass along the ditches 
and elsewhere frequented in numbers by the grasshoppers, if accompanied with a 
dusting of the cotton plants by the poison, as practiced for the cotton-leaf worm, 
will be the more profitable and feasible course. It is difficult to advise in the 
absence of direct knowledge of conditions, and I am, therefore, in response to your 
request, which has been seconded by the Hon. T. C. Catchings, M. C., of Vicks- 
burg, Miss., and the requests of several other correspondents, about to send one of 
my assistants, Mr. James 8. Hine, to make a personal investigation of the case and 
give such directions in regard to remedial work as, in his judgment, will be deemed 
most worth while after a personal investigation. Mr. Hine will proceed to Vicks- 
burg and call on you there. 
Yours, truly, L. O. Howarp. 
Mr. P. M. Harpine, 
President Delta Trust and Banking Company, Vicksburg, Miss. 

As the differential locust matures as early as June 25 in the latitude 
of the section infested, nearly all of the grasshoppers had reached the 
adult condition by the time Mr. Hine arrived at Dahomy, and little if 
anything could be accomplished, save to carefully investigate the con- 
ditions likely to precipitate such an outbreak, and to recommend 
measures looking to the suppression of a similar or even more exten- 
sive occurrence of these locusts the following year. 

In the fall of 1899, the writer, fearing the spread of this destructive 


Fie. 1.—Melanoplus differentialis—natural size (after Riley). 


locust into the Mississippi Valley of Louisiana, began, through the 
assistance of Mr. Harding, an investigation of the Mississippi situa- 
tion. Specimens of eggs sent from Dahomy were placed in breeding 
cages and in the spring of 1900 some of the habits and the life history 
of the differential and other species were observed. During the win- 
ter, as the managers of Dahomy were following out the instructions 
given by Dr. Howard and Mr. Hine, to have the infested fields 
plowed and thoroughly cultivated, additional eggs were secured in 
sections of soil, thus augmenting our breeding-cage operations and 
making it possible to anticipate by cage data the development and 
habits of the grasshoppers in the field. 


LIFE HISTORY AND HABITS OF MELANOPLUS DIFFERENTIALIS. 


The following observations were made in the fall and winter of 1899 
and during 1900 in breeding cages of the laboratory of the Louisiana 
State University, and in the fields upon and in the vicinity of Dahomy 
plantation, Bolivar County, Miss. 


12 
ggs.—Kggs are deposited in masses (vothecae), see fig. 2, Just below 
the surface of the ground. They are arranged irregularly in the egg 
sac, are small, light colored, and contrast strongly with the large, con- 
spicuously red eggs of Schistocerca obscura, so often found associated 
with those of the differential. The period of egg-laying depends 
upon the time the females reach maturity; even those hatching at the 
same time may vary in maturing as much as twelve days or two weeks. 
It was found that eggs may be deposited from July 20 to October 1, 
and by stragglers even later. The bulk of oviposition, however, takes 
place between August 10 and September 15. Single females separated 
to determine the number of egg-pods deposited indicate in most cases 
that but a single batch of eggs is laid. The number of eggs in each sac 
‘anged from 103 to 132. Mating was observed to generally take place 
twice at an interval of from ten to twelve days; the female oviposit- 
ing from three to five days after the second copulation. 
kgg-laying areas.— Places selected for depositing eggs are more or 
less local, and a knowledge of them is interesting and important, as they 
offer most excellent means of effecting remedies. 
The account, given above, of the basin of 
300 acres which had become hard after flood- 
ing, and the spread of the grasshoppers from 
this region into cultivated fields suggests that 
any such territory is perhaps the most favor- 
able egg-laying area; other places were found 
equally attractive during 1899. Ditch and bay- 
ou banks, plantation roads, the railroad right 
of way, upon levees, Indian mounds (common 
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Fic. 2.—Ootheca or egg case of In the delta), around stumps and logs, and even 


Melanoplus differentialis (orig in the logs, at the end of corn and cotton rows 


nal). . 
(the turn rows), in lanes, and Bermuda pastures 


were all found plugged with egg-pods. Just at the edges of sloughs 
and on the turn rows are thought by the managers to be the most 
common egg-laying places, but the opportunity for witnessing the 
females ovipositing eggs in these regions is much better than in the 
less-frequented waste and sodded areas, and thus we may account for 
the prevalence of this belief. Some females were seen depositing eggs 
far out in cultivated fields, but such cases were not common, and even 
then the harder spots near the basis of a cotton plant were selected. — It 
was not unusual to find the egg-pods of three or even four species of 
grasshoppers side by side. In fact, it was due to the conspicuous col- 
onizing of the eggs of Schistocerca obscura that many of the egg-laying 
areas of differentialis were discovered. 

Young and adults.—Eggs remaining in the soil over winter begin 
hatching as early as April 15, but the majority of young emerge 
between May 1 and May 20. Eggs exposed upon the surface of the 
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ground hatch during warm spells of early spring, but those normally 
placed seldom hatch until continuous warm weather prevails. Those 
in the upper portion of the pods or egg sacs hatch first, sometimes 
many days in advance of those in the lower part; the species is thus 
protected from complete annihilation should an unexpected severe 
cold spell intervene between the first and second hatching. 

The average life cycle of the differential locust as determined in the 
breeding cages is as follows: 

Grasshoppers emerging from eggs on April 20, 1900, molted five 
times before reaching the full-grown or adult condition. The first 
molt took place May 7, the second May 22, the third June 2, the 
fourth June 13, and the last June 27. The first mating was observed 
July 19, the second July 28; the females deposited eggs August 3, 
and were dead by August 17. The entire period, minus the time 
required for incubation, was one hundred and nineteen days. The 
young on first emerging from the eggs are sordid white and after an 
airing of an hour or two are darker, assuming a color not unlike the dark 
gray alluvial soil over which they feed. There are changes of color 
as the earlier transformations (stages) are assumed, but until the close 
of the third stage these changes are not readily perceptible in the field 
to the naked eye. At the close of stage four the greenish-yellow color 
becomes prominent on many forms, and in stage five the greenish- 
yellow and yellow ground colors predominate. The vigorous feeding 
and rapid growth of the young in stages four and five, and the promi- 
nence of the wing pads in stage five, cause the grasshoppers in these 
conditions to appear almost as conspicuous as adults. 

The habits of the young are interesting, and a knowledge of some 
of them may be helpful in developing remedies. After hatching they 
remain for several hours in close proximity to the egg-pod from 
which they emerged. With this period of faint-heartedness over 
they may venture out for a few yards each day into the grass, weeds, 
or crop neighboring the egg area. Upon being disturbed they inva- 
riably make the effort to hop in the direction of their so-called nest. 
Nymphs emerging from eggs upon a ditch bank, if forced into the 
water will seldom make the effort to reach the other side but will 
turn in the water and swim back to the bank from which they were 
driven. As development takes place the extent of their peregrina- 
tions into the crop is easily traced by the shot-hole appearance of 
the leaves upon which they feed. The tender leaves of cockle- 
bur are always. preferred by the grasshoppers in the early stages. 
Young Bermuda grass is also a favorite food, and succulent grasses 
of all kinds are freely eaten. In the third, fourth, and fifth stages, 
as grass, weeds, and even young shrubs disappear along the ditch 
banks and bayous, the crops of corn and cotton adjacent begin to 
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show signs of vigorous attack, and the march of destruction com- 
mences. The rather rare occurrence of more grasshoppers, even in 
the adult condition, upon and near the ditch banks seems to be 
explained in the commingled instinct of the young to hunt the retire- 
ment and seclusion of the nesting or egg-laying areas, and of the adult 
to seek, and survey beforehand, suitable places for oviposition. A 
few hours before molting the grasshoppers tend to congregate and 
become sluggish. Ecdysis (molting) varies as to time, and slightly 
as to manner, with different stages. In the early stadia less time is 
required, and the operation takes place upon the ground or upon low 
bunches of grass and weeds. Every effort of the grasshoppers at this 
time seems to be to avoid conspicuity, and in doing so spare them- 
selves, in a manner, enmity of parasites. After molting of the first, 
second, and third stages it is not loag before the young grasshoppers 
are sufficiently hardened to again begin feeding, but often the molt of 
the fourth and fifth stages, particularly the last molt, some time is 
required to extend the wings and dry and harden the body before 
feeding is resumed. The last molt usually occurs upon the upper and 
well-exposed leaves of corn and other plants upon which they may be 
feeding, though it is not uncommon for the grasshoppers to drop to 
the ground during the maneuvers of the process. The reason for the 
selection of the more exposed places for the last molt is obvious. The 
bodies are large, and rapid drying protects them from fungous diseases 
which lurk in the more shaded and moist sections during the months 
of June and July. 

The last prominent habit to which we call attention is that of the 
fully grown grasshoppers to seek the shade offered by the growing 
plants during the hottest part of the day. Upon Dahomy plantation 
they appeared in such numbers a little before sunset as to change the 
entire coloring of the fields. Instead of the rich green, a dishearten- 
ing glistening bronze prevailed. 


MEANS USED TO DESTROY THE BROOD OF 1900. 


The serious loss of 1899, and the alarming increase in the number of 
grasshoppers over 1898, together with the startling number of eggs in 
widely distributed egg areas, caused no little uneasiness as to the out- 
look for 1900. Preventives and remedial operations were begun early 
in the winter and were actively continued until it seemed that all dan- 
ger of serious loss was past. These operations consisted in fall and 
winter cultivation, spraying the egg beds and young grasshoppers with 
coal oil and coal-oil emulsions, covering the ditch water with oil emul- 
sions and driving the young into the trap thus prepared, of using 
improvised tarred sheets, and of different kinds of hopperdozers, and 
finally to disseminate among the developing grasshoppers a disease 
commonly known as ‘‘the South African fungus,” 
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Cultivation.—Three methods were used to determine the eflicacy of 
the method of destroying eggs. Conditions were produced in breed- 
ing cages as nearly as possible like those existing in the fields. Eggs 
were collected in the fields a few weeks after cultivation had occurred, 
and lastly careful observations were made in fields cultivated before 
planting and those that were not. While none of these methods, taken 
separately, would give exact experimental proof, yet when the results 
of all three are considered, the estimate may be regarded as 
approximate. 

Breeding cages showed that after egg areas had been broken, as 
represented in fig. 3, and the eggs exposed to rain, frost, and sunshine 
for two months, that over 80 per cent failed to hatch. We failed to 
determine the influence of frost alone upon exposed eggs, but young 


Fic. 3.—Grasshopper eggs exposed by cultivation (drawings from a photograph). 


grasshoppers which had been hatched artifically, when subjected, 
March 15, 1900, to a temperature of 32° F., all died. 

Of several hundred eggs collected on February 15 from fields which 
had been plowed in December, 1899, and the eggs kept from further 
exposure, only 30 per cent hatched and most of these came from egg 
pods which happened not to be thoroughly broken. 

From field observations where favorable contrast could be made in 
egg areas cultivated and those left undisturbed the evidence in favor 
of cultivating is, to say the least, very conclusive. Mr. G. G. James, 
of Mound Landing, Miss., states, in a letter dated March 14, 1900: 
** While dragging «a plow along a wagon road on March 12, the point 
dug up a few clusters of grasshopper eggs, and after finding these I 
had the entire road plowed up, and to my astonishment I found quan- 
tities of eggs its entire length. In a certain part, a space of about 20 
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feet long and 6 feet wide, there was almost a solid mat of nests.” We 
were informed by Mr. James early in May that upon this roadbed, 
which had been thoroughly cultivated even as late as March 12, few 
of the eggs hatched, and this single experience convinced him of the 
value of winter cultivation. In the Delta, as far south as the State 
of Mississippi, warm, summer-like spells of weather often occur in 
winter, and fertile eggs exposed to such conditions invariably hatch, 
with the result that the young perish during subsequent winter 
weather, while eggs in pods just below the surface of the ground do 
not hatch until the latter part of April or early in May. It is there- 
fore evident that the practice of fall, and even spring, cultivation is 
one of the most available means of destroying grasshopper eggs. 

Unfortunately, upon plantations of many thousand acres, and espe- 
cially upon those where a number of waste tracts occur, it is impossible 
to find all of the egg areas and to effect the remedy of winter cultiva- 
tion. 

The use of kerosene upon egg-beds at the time of hatching.—One or 
two seasons’ experience with grasshoppers greatly quickens the pow- 
ers of observation, and egg-beds not discovered in the fall and winter 
may be detected the first week in May by the presence of the young 
grasshoppers. Upon Dahomy spray pumps were kept actively at work 
upon egg areas, spraying each with 12 per cent coal-oil emulsion at 
least once a day. It often happened that as many young grasshoppers 
were in evidence the day following each application, but careful obser- 
vation soon revealed the fact that only those hatching after the emul- 
sion had been applied survived, and those were killed by the next 
spraying. While the emulsion spray was found expensive when com- 
pared with that of cultivation, yet in the face of such conditions as 
prevailed in the Mississippi Delta its effectiveness many times out- 
weighed the expense. Applications of coal tar were not made to the 
egg-beds, but there is every reason to believe that this substance would 
also have proven useful. The use of coal tar in the hopperdozer and 
upon the drag sheets certainly warrant a trial of it upon egg areas. 

Spraying ditches.—Vhe experience in spraying ditch banks soon 
developed the cheaper and perhaps more effective method of destroy- 
ing young grasshoppers, that of damming water in the ditches and 
covering the surface with coal oil or coal-oil emulsion. Before and 
after rains the ditches were dammed and the water covered with a 12 
per cent coal-oil emulsion. The young grasshoppers were then driven 
into the ditches, with the result that very few, if any, escaped. In 
this way a single application of oil would last several days, as many 
millions may easily float upon the water of a ditch not more than 2 
feet- wide. Unless the grasshoppers are scattered too far from the 
ditch banks no difficulty is experienced in getting them to move in the 
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direction of the oiled water orn account of the ** homing” instinct 
above mentioned. Young grasshoppers will not drive more than from 
10 to 20 feet before taking what is commonly termed by the plantation 
managers ** the sulks,” when they cease hopping and show an aggra- 
vating indifference to the brush of the switches used in driving them. 
The necessity of early learning the location of the egg-beds. and the 
time of hatching is obvious if the ditch method be practiced. 

Upon river plantations many open ditches are indispensable, and 
when rains are sufficient to keep them filled or partly filled with water 
they serve a most excellent purpose in the destruction of young grass- 
hoppers. During the grasshopper campaign of 1900 over 225 barrels 
of coal oil were used upon Dahomy and not a little of this quantity 
was placed upon the water of the ditches of the plantation in the form 
of emulsions. At the height of the season as many as 50 miles of 
ditches were oiled, and the number of young grasshoppers killed may 
be roughly estimated when we state that the surface of the water for 
this distance was completely covered. After the water evaporated 
the stench from decaying grasshoppers was very perceptible, and had 
it not been for the satisfaction of knowing that millions had been slain 
the stench. no doubt, would have been objectionable. 

Mr. Robert Glenk, a member of the experiment station staff of 
Louisiana, spent two weeks in the field in charge of the grasshopper 
work, and in his report to Mr. Harding, dated May 31, 1900, says: 

Sunday afternoon brought up a heavy rain and filled many of the ditches with 
standing water. We had oiled the surface of the water and made a combined attack 
upon the insects, which has resulted in their wholesale destruction. We are using 
gangs of men and are making a systematic drive to the ditches. 

One hitch occurred in the use of the emulsion. In driving the tank 
wagon over rough ground the emulsion became so thoroughly churned 
that the oil separated and floated to the top. This condition, however, 
was soon revealed by the effectiveness of the spray: The use of the 
pump, which mechanically mixes the oil and water, should obviate this 
difficulty. 

Tarred sheets and hopperdozers.—The operation of the ordinary 
hopperdozer may be considered an easy matter in meadows, pastures, 
and over crops planted upon the level, but one has to experience 
once the trouble of working a hopperdozer in alluvial sections where 
the high ridging of the land prevails to realize that the ordinary use 
of the hopperdozer is impracticable. To construct one of these imple- 
ments suitable to alluvial conditions will require further experience 
and trial. During the efforts with the hopperdozer Mr. C. D. Patter- 
son, general manager of Dahomy, improvised a tarred sheet similar to 
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that illustrated in fig. 4. It consists of six attached strips of osnaburg 
6 feet long, with light poles attached to the ends. The sheet was kept 
moist with coal tar and was dragged by a mule along all the ditch 
banks and even down in the ditches where this was possible. Several 
of these sheets were made and kept actively at work while the grass- 
hoppers were young, and great numbers of the insects were thus 
collected. While these sheets possess the merit of not breaking the 
young corn and cotton and of catching myriads of the grasshoppers, 
it is to be regretted that they soon wore out when dragged over culti- 
tivated areas. 

The hopperdozer, which was finally constructed and which possessed 


Fig. 4.—Patterson tarred sheet,: a, strip of wood supporting sheet; b, strip of osnaburg; c, guide rope; 
d, hitch rope (original). 


much merit when run diagonally over the rows of cotton and corn, 
consisted of three runners 3 inches high and 2 feet long, a pan of cor- 
rugated or sheet iron, and a back of osnaburg. (See fig. 5.) 

Two more contrivances for catching young grasshoppers are to be 
recommended. These are of value during dry weather when it is 
impossible to hold the rain water in the ditches, or to fill them from 
the river or neighboring bayous by irrigating pumps. One is a hop- 
perdozer sufticiently narrow to run in plantation ditches and light 
enough to be handled by a man upon the sloping ditch banks. They 
will prove serviceable, too, upon limited egg areas when the young 
are emerging. The other is a tarred strip of osnaburg just as long as 
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ean be conveniently handled in the bottoms of dry ditches. A strip 
30 or 40 feet long will suffice. After this is stretched in the bottom 
of the ditch the grasshoppers are driven from the sheet just as they 
are driven into oiled ditches, and as soon as the distance of the length 
of the strip is cleared the canvas is hauled forward and the drive again 
made. This continued, the ditch banks may be as effectively cleaned 
in dry weather as when the ditches are filled with water. 

The bran-arsenic mash.—The experience of Mr. Harding in 1899 
(see his letter July, 1899) rather discouraged an extended effort with 


Fig. 5.—Hopperdozer: A, osnaburg back; B, pan; C, wooden ends of pan; D, runners; E, F, G, 
supports (original). 


this bait. Mr. Glenk, however, ventured a number of trials with the 
mash and writes of it as follows: 


I placed the arsenic mash in many places with moderate success. Found a few 
dead grasshoppers on the leaves and around the mash. The rain, however, inter- 
rupted my experiments. 


The mash can not be relied upon in severe outbreaks, such as occurred 
in the delta, but may be used in limited attacks where the area affected 
would not warrant the more aggressive methods. 

The South African fungus.—On May 24 the following letter was 
received from Dr. L. O. Howard, inclosing Mr. Edington’s directions 
for the culture and spread of the fungus, which are also herein given: 


May 22, 1900. 

Dear Proressor MorGan: In response to your letter I am sending you six of the 
tubes of the South African locust fungus, together with a duplicate of a letter which I 
have just sent to Mr. Harding, at Benoit. I think it will be advisable for you to 
grow the fungus in the laboratory. Mr. Edington, director of the Bacteriological 
Institute, writes me that it is best grown on saccharinated agar-agar, which is very 
faintly acid in reaction. I hope you will report results. The South African circular 
of instructions is inclosed. 

Yours, very truly, 


L. O. Howarp. 
Prof. H. A. Moreaan, Baton Rouge, La. 
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{Inclosure. ] 
LOCUST DISEASE FUNGUS. 


Small tubes containing this fungus are prepared at this institute and supplied to 
all applicants, who may “also obtain them by application through the civil commis- 
sioner of their division. 

The methods mentioned below should be followed, and the result carefully watched 
and reported to me. 

Highly satisfactory results have hitherto been obtained, and it is particularly 
requested that all persons using the fungus will report the result of their experl- 
ments to this institute. 

During dry weather it is difficult to get the disease to spread, and hence it is advis- 
able to use it in moist or wet w veather,, and to make the infection of the swarms just 
before sunset. 


DIRECTIONS FOR PREPARING THE FUNGUS PREVIOUS TO USE. 


Open a tube and take out the contents entire; add to it two teaspoonfuls of sugar, 
and rub the whole together with a spoon or flat knife, so as to break up the material 
and mix it thoroughly. Then dissolve this in three-fourths of a tumblerful of water, 
which has previously been boiled and allowed to cool. Float in this a few pieces of 
cork, which have been previously steeped in boiling water and cooled. 

Now cover the tumbler with a piece of paper, and let it stand during the day ina 
warm corner of the house or until the fungus is seen to be growing around the pieces 
of cork. 

METHOD OF DISTRIBUTION, 


(1) Catch some locusts, and, after dipping them into the fungus, let them go into 
the swarm again. 

(2) Smear patches of damp ground, where the locusts alight to feed, with the 
fungus. ‘* 

(3) Confine some locusts in a box which contains some favorite food moistened 
with the fungus, and, after the food has been eaten, return the locusts to the swarm. 

(4) Collect a large number of locusts which have died from the fungus. Dig a 
hole in the ground about 18 inches deep and 1| foot wide. 

Strew some locusts over the bottom, then sprinkle some water over them. Repeat 
with locusts and again sprinkle until ‘the hole is full. Do not press the locusts ito 
the hole, but leave them lightly packed. Then cover over with a piece of tin or 
board and ke ep the hole thus carefully covered for four or five days. If very warm 
weather, four days will be sufficient, but if colder a longer time will be required. 

At the end of this time remove the locusts and spread them out in the sun for an 
hour or two, or until thoroughly dry. Now grind them into a meal. 

Of this meal, which may be kept dry for a long time until wanted, take two table- 
spoonfuls and add it toa large tumblerful of water, into which some sugar has been 
placed. Leave this in a warm place for twelve to forty-eight hours, and then treat 
live locusts by dipping, etc., just as one does in using the fungus when supplied in 
tubes. 


METHOD OF APPLICATION FOR VOETGANGERS., 


Take about | pound of white bread; dry it, and then grate it down into coarse 
powder. Put a cupful into a bowl and add enough water to make a watery paste. 
Add to this the contents of one tube of fungus, and keep it in a warm place until the 
fungus is seen to be growing over it. Now "place small portions where the voetgang- 
ers are appearing, and take care to see that where not eaten up the small portions 
are kept moist from day to day until they have been eaten. 

ALEXANDER Epinaron, M. B., 
Director Bacteriological Institute, Grahamstown. 
FEBRUARY 19, 1899. 


These tubes, together with six more sent directly to Mr. Harding at 
Benoit, Miss., were with instructions turned over to Mr. Glenk, and 
on May 31, 1900, Mr. Glenk made the following report to Mr. Harding: 


The South African fungus came duly to hand. I immediately began its propaga- 
tion in the manner directed, and steeped the grasshoppers and their favorite food 
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(cocklebur) in the liquid and fed a large number of hoppers with it. Two infection 
boxes were started, with dampened soil covering the floor and cheese cloth the tops, 
and the insects were placed in contact with the spores of the fungus. The infected 
grasshoppers were liberated in various badly infested spots, and the results which 
should be noticed in a few weeks are looked forward to with much interest. 


In a letter to the writer dated June 5, 1900, Mr. Glenk states: 


I have had better success with the fungus than when you were here. I made an 
incubator out of some boxes and used my lamp for keeping an even temperature. 
The fungus grows well in a warm, moist atmosphere. I dissolved the nutrient agar- 
agar in two of the tubes, in hot water, mixed with it the sugar solution, added the 
fungus film, stirred well to distribute the spores, and poured the solution upon the 
leaves and moist earth. Dead grasshoppers were found in both of my infection boxes 
ina few days. I used up all the tubes received from Dr. Howard and made up 
enough liquid for all the managers. We put out a dilute solution of the fungus over 
several badly infested areas and spread it upon the grasshoppers, and the leaves of 
corn and cotton in many parts of Dahomy. 


The month of June was very propitious for the spread of disease 
among grasshoppers. Rains began the latter part of May, and during 
June 9.29 inches fell at Greenville, Miss., 40 miles south of Dahomy, 
the nearest point where meteorological records are kept. 

On July 18, 1900, the writer received the following from Mr. C. D. 
Patterson, general manager of Dahomy: 

By request of Mr. P. M. Harding I am sending you by mail to-day some dead 
grasshoppers, which we find attached to weeds on ditches and bayou banks. We 
also find a few on cotton. Mr. Ike Edwards (manager of Matthews place) tells me 
that he has found as many as six dead grasshoppers upon one stalk of cotton. The 
dead grasshoppers I am sending you were gotten on Glass place. 

Early in August a visit was made to Dahomy, with a view of making 
some observations upon the spread of this fungus, and it was found 
that over the areas where the liquid infection was spread by Mr. Glenk 
diseased hoppers were abundant. As many as a dozen dead grasshop- 
pers could be found upon a single plant, and some upon nearly every 
weed on ditch banks where grasshoppers were numerous. From the 
centers of infection great areas had become inoculated, spreading even 
beyond the plantations first infected. While a local fungus (Aimpusa 
grylli) was in evidence throughout the delta, the general spread of the 
imported fungus upon Dahomy indicates a thorough infection of this 
property with the South African fungus. The spread of the disease 
is similar to that reported from Colorado, where, Dr. Howard informs 
me, the disease has also done effective work. 

Associated with the differential locust in the same tracts of land 
were numbers of a much larger locust, the Schistocerca obscura, as well 
as many of the local species of grasshoppers found throughout the 
delta any season. Of all the specimens sent to the laboratory and of 
all those observed in the fields none were found to succumb to the 
fungus but the differential. 
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Miscellaneous caperiments.—The habit of the differential to remain 
along sloughs, ditch banks, etc., suggested the scattering of lime, 
acid phosphate, kainit, and other substances to check the march of 
the grasshoppers out into the crops; but, as none of these materials 
proved of any value, a continuation of this line of work was early 
abandoned. 

We found it advisable not to destroy cockleburs growing in the 
vicinity of the egg areas, as this plant is the favorite food of young 
grasshoppers and serves to congregate them, which not only renders 
more available effective remedies, but also preserves the stand of corn 
and cotton in these localities. Where it is possible, we also recom- 
mend delaying the cutting out of the crops to a stand until the young 
hoppers have been destroyed by some or all of the remedies stated 
above. 


NATURAL ENEMIES. 
Aside from the very timely rainfall during the latter part of May 


and in June, there were many predatory and parasitic enemies found 
common to the differential locust in the Mississippi Delta. 


Fic. 6.—Trombidium locustarum: a, female with her batch of eggs (from Emerton); b, newly hatched 
larva—natural size indicated by the dot within the circle; ¢, egg; d, e, vacated eggshells (from 
Riley). 

Upon the eggs.—Three predatory and two parasitic forms were 
found feeding to a greater or less extent upon the eggs. 

The locust mite, Zrombidium locustarum (see figs. 6 and 7), which 
occurs throughout the United States and Canada was in evidence in 
the Mississippi Delta. The full-grown mites, as well as bunches of 
the small red-colored eggs, were commonly seen during the cultivation 
of the land in April and May. While most abundant in the vicinity 
of the egg-heds, it was not uncommon to find them anywhere over the 
entire plantation. Many were placed in breeding cages where quan- 
tities of eggs of differentialis and of other species were kept, but 
we were dic ponred somewhat in not finding them more ravenous 
feeders upon grasshopper eggs. From the statements of other obsery- 
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ers of their beneficial attack upon eggs it may be that our cage con- 
ditions were not suitable for aggressive work of this mite. The 
numbers to be found were very assuring and this mite must be recog- 
nized as an important enemy to grasshoppers. 

The larvee of a species of Carabid beetle, which we were unable to 


Fic. 7.—Trombidium locustarwn: a, mature larva when about to leave the wing of a locust; b, pupa; 
¢c, male adult when just from the pupa; d, female—the natural size indicated to the right; ¢, palpal 
claw and thumb; /, pedal claws; g, one of the barbed hairs; h, the striations on the larval skin 
(from Riley). 

rear to the adult condition, were also found to be an energetic feeder 

upon eggs. With their large mandibles they were observed breaking 

the egg sacs and devouring the contents. 

During April, May, and June the ash and black colored blister 
beetle (Macrobas/s unicolor) (see tig. 8) showed by its numbers and the 
manner of the attack of the young to be an 
important enemy of grasshopper eggs. In 
sweeping they were a common capture, and 
in following the plows and cultivators the 
pseudo pup (coarctate) were seen in great 
numbers. The young of the first and second 
stages were also found among the egg-pods. 

Of the true parasitic forms two species 
were bred, Scelio hyalinipennis Ashm. and 
Scelio wedipode Ashm. While the former 
species appeared earlier than the latter, both 
continued to emerge as adults irregularly ie. s—Macrobasis unicolor: Fe- 
fom Maye until the latter ‘part of June. mele beetle at right, twice nat. 

* “ * ural size; male antenna at left, 

They were found to come in the majority greatly enlarged (from Chitten- 

of cases from the eggs of the lower end of  %™)- 

the pod, and in a few instances this was found the case even where 

grasshoppers were coming from the upper ends. As a rule not all of 

the eggs of the pods are parasitized, and the inference is that the habit 
of the parasites to attack the deeper placed eggs is to so retard the 
development of the offspring as to guarantee food for the broods that 


follow. As the eggs of the differential are not deposited before 
August 15, the appearance of the parasites long after the young 
grasshoppers emerge suggests that, were they to appear earlier, the 
species would perish for lack of food. Those reaching the adult as 
arly as June find food in the eggs of species of grasshoppers which 
deposit their eggs in the spring as Schistocerca americana, or in those 
of double brooded species, as Chortophaga viridifasciata. 

Parasites of nymphs and adults.—As the fight against the grasshop- 
pers progressed it was thought of interest to determine, as far as 
possible, all of the natural agencies at work, that with a fuller knowl- 
edge of these we might better know how to direct the expensive and 
time-consuming artificial measures, or knowing more accurately 
nature’s rigid methods of establishing equilibration among the beings 
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Fic. 9.—Sarcophaga sarracenix:; Larva at right; adultin center; puparium at left—enlarged (from 
Howard). 


in her charge we might assist and encourage her with less expense 
and more profit than carry out our own. 

From time to time hundreds of grasshoppers were collected and con- 
fined to cages where each day quantities of fresh food were given them. 
As the later stages of the grasshoppers were reached maggots were 
noticed emerging from the conjunctive (sutures) of the abdomino-tho- 
rax and head. None, however, appeared until after the specimens had 
died, either from the conditions of confinement or from the attack of 
the parasites. As the collections were made after the ‘‘ South African 
fungus” had been spread, many of the specimens were attacked by 
the parasitic flies and the fungus as well. Just to what extent the 
attack of the fungus encouraged the attack of the flies we were unable 
to determine. 
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Of the parasites bred most of them are peculiarly orthopterous ene- 
mies belonging to the genus Sarcophaga. Of the flies reared there 
were six Sarcophagids, two Tachinids, and one Muscid. The identifica- 
tions were made by Mr. Coquillett and are as follows: Sarcophaga sar- 
racenew Riley (fig. 9), S. assedua Walker (fig. 10), S. sp. near 7ncerta 


Fie. 10.—Sarcophaga assidua: Puparium at left; adult in middle, with enlarged antenna; larva with 
enlarged parts at right—enlarged (from Howard). 


Walker, S. sp. near cémbicis Towns., S. hunteri Hough, /Helicobia 
hdicis Towns., Euphorocera claripennis Macq. (fig. 11), Acemyta den- 
tata Coq., Lucilia cesar Linn. (fig. 12). 

Of the above species [elicobia helicis Towns. was the commonest fly 
bred. By isolating specimens of the differential locust, in order to 
derive information relative 
to its life history, a part of 
the life history of //elico- 
bia helicis was incidentally 
reached. May 26, 1900, a 
specimen of grasshopper of 
the third stage was placed in 
cage. The last three molts 
were successfully accom- 
plished and a few days after 
this female—for the speci- 
men proved to be a fe- 
male—had reached maturity 
a male was given her. Mat- 
ing took place twice and a Fig. 11.—Euphorocera claripennis: Adult with enlarged 
single pod Glal se eggs was antenna and with empty puparium at right—enlarged 
deposited. August 16,1900, ~ (tom Howard). 
the female died and was placed in a separate tube cage for further 
examination. During the period between August 28 and September 
1 six maggots of //elicobia helicis emerged from the body of this grass- 
hopper. Within forty-eight hours all had entered the puparia, and 
on September 17 the last of the flies appeared. From the above 
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observation it is evident that the eggs (or maggots) of the parasite 
were placed upon the host (this grasshopper) previous to the third 
molt, and that the larval life of the parasite is at least as long as from 
May 26 to August 28, or a period of ninety-five days. It is astonish- 
ing that all of the natural functions of grasshoppers went on during 
this remarkable period of parasitic attack. 

Just to what extent the parasitic flies lessened the number of 
grasshoppers it is difficult to say 
owing to the prevalence of fungous 
diseases. Numbers of dying  speci- 
mens were examined, and the vis- 
cera of those specimens infested with 
the fungus was much more disinte- 
grated than those attacked by mag- 
gots, yet, as many of the grasshop- 
pers were common hosts of disease 
and maggots, it was impossible to ar- 
rive at any very definite conclusion. 
Little information could be gotten 

Fig. 12.—Lucilia cxsur—enlarged (irom from examination of the dead grass- 

ich: i hoppers in the field as numerous ants 
soon deprived the hoppers of viscera or parts of viscera left by the 
maggots. 

From the puparia of //e//cob/a helicis two secondary parasites were 
reared. One of these, Aphwrreta pallipes Say, was bred August 3, 
the other, Pertlampus cyaneus Brullé. 

The young of the locust mite was found to do effective work as 
parasites upon the wing pads and wings of grasshoppers. Upon the 


FIG. 13.—Schistocerca americana: Adult (from Howard). 


majority of those collected in the fifth and last stages young mites 
were common guests. 

Blackbirds and turkeys were observed to feed upon grasshoppers 
in all stages, and upon some plantations turkeys were purchased and 
liberated in infested fields. The exact information is not at hand as 
to the real merit of turkeys, but a common belief prevails that they 
may be made to serve a very practical purpose in grasshopper out: 
breaks. 


2 
OTHER GRASSHOPPERS MORE OR LESS INJURIOUS IN DELTA. 


These belong to the families Acrididxe and Locustide. Schistocerca 
americana and Sehistocerca obscura were the most common of the 
former family. 

Schistocerca americand or bird grasshopper (see fig. 13). 

This species is single brooded, deposits eggs in the spring, and 


hibernates in the adult condition. Specimens collected early in May 
deposited eggs May 15. In the field the egg-laying places are usually 


Fig. 14.—The full-grown Schistocerca obscura (original ). 


Bermuda-covered spots and waste areas. Eges hatch about June 15, 
and the young molt six times (June 23, June 29, July 5, July 11, July 
20, and August 5) before reaching the adult condition. In the delta 
the grasshopper attracts considerable attention owing to its size and 
bird-like appearance when in flight, yet it has never appeared in threat- 
ening numbers. Mr. C. D. Patterson, commenting upon the habits of 
this species, stated that during the clearing up of the waste lands in 
winter, as the flies ascended the tall trees, these large grasshoppers 
would fly out from the upper 
limbs in great numbers. Just 
how they found shelter among 
the higher branches of trees is 
unknown. We found it dift- 
cult to carry the bird grass- 
hopper through the winter in 
‘aptivity, and only succeeded in keeping specimens alive until Febru- 
ary 2. In the fields, however, a few specimens have been collected 
from January until the last of May. No parasites were bred from 
those captured and no special remedial efforts were directed against 
this species. The egg areas were found, however, and cultivation and 
the use of coal oil will no doubt prove effective. 

(See figs. 14and 15.) This species in size and 
shape is not unlike the bird grasshopper. Attention was first called 
to itin the egg condition. The large brick-red colored eggs are to 
be found associated with those of Melanoplus differentialis. A few 


Fic. 15.—The filth stage of Schistocerca obscura (original). 


Cy = 
Schistocerca obscura. 
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egg sacs were isolated and during the latter part of May the young 
grasshoppers made their appearance. In the first and second stages 
they are pea green, but in the third stage changes in the ground color 
occur. Some remain green, while equally as many become brown. 
The body and appendicular markings of the two color varieties remain 
the same. This locust hibernates in the egg condition, though the 
egos are deposited much later than are those of differentialis. Adults 
placed in the breeding cages on October 15 deposited eggs November 2. 
Five molts occur before maturity is reached. Young emerging from 
the eggs on May 28, 1900, molted June 10, June 19, June 29, July 8, 
and July 28. Adults in confinement are shy and soon die in captivity. 
In destructiveness to crops of the Mississippi Delta this species stands 
next to differentialis. It readily attracts attention by its size, color, 
and vigorous flight. Notwithstanding its prevalence, not a single 
specimen was found attacked by parasitic flies or by the South African 
funeus. Scelio hyalinipennis Ashm. was bred from the eggs, as was 
Scelio wdipodw Ashm. 


Fic. 16.—The large black grasshopper Dictyophorus reticulatus (original). 


The egg beds of this species being similar in position to those of 
the Melanoplus differentialis the remedial measures recommended for 
differentialis will prove effectual for this. 

Dictyophorus reticulatus.—(See fig. 16.) This large black species 
is a short-winged form, is only locally distributed and may occur only 
in spots, even upon a small plantation. It is a voracious feeder, pre- 
ferring the coarser grasses and sedges of swamp areas. Its wander- 
ing into cultivated crops is only occasional, and hence this locust does 
not attract much attention. 

The eggs are deposited in sodded areas all during the month of 
August (see fig. of egg pod; fig. 17). 

By September 15 females are rare, not more than 10 per cent of 
hundreds collected at this time were females. This is just the oppo- 
site of the observations upon differentialis. Males usually die a few 
days in advance of females. Eggs of Dictyophorus hatch as early 
as April 20, As is usual with most Acridids five molts occur in the 


process of development, the last one occurring from June 25 to July 1. 
The mating season begins in from fifteen to twenty days after maturity, 
and in as many more the oviposition season begins. 

From the local distribution of this locust, as well as its large size, 
conspicuous coloring, and lubberly movements, no trouble is experi- 
enced in destroying it. The bran arsenic mash had been used upon 
this locust with good effect. Locating the eggs and exposing them by 
winter tillage is the most practical remedy. In very local outbreaks 
the net has been used to collect both nymphs and adults. A species 
of Sarcophagide has been found a common parasite of this grasshopper. 

Dissosteira carolina.—The Carolina locust eggs resemble very much 
in size and form those of the Schistocerca obscura after the coloring 
from the latter has been removed by alcohol. (This coloring of the 
eggs of obscura resembles in its reactions the color extract from the 
petals of red roses.) The eggs are laid in, the same areas as d/ffer- 
entialis and obscura. The preferred food of the voung we were unable 
to determine, and hence were unsuccessful in the effort 
to determine the life history of this locust. Grasshop- 
pers of all species are difficult to rear in cages, and this 
one we found no exception. The young would con- 
gregate upon the window side of the cage, and would 
there remain until starved to death. Cockle-burs, which 
were readily eaten by other species, were only occasion- 
ally nibbled. This locust did not appear in destructive 
numbers and is given consideration only because the 
egos and young are frequently confounded with those 
of the differential. From field observations the period 
of development of the Carolina locust is about equal to 
that of the differential, though mating and egg-laying 
is later. 


3 Fic. 17.—Egg sac of 
Chortophaga vwiridifasciata.—This species is widely — Diéctyophorusrectic- 


distributed through the South, and though it appears in a ACS 
the Mississippi Delta in unusual numbers for this species, the damage 
done was not appreciable. It is here considered for two reasons: First, 
the young appear early in the spring and have been frequently mis- 
taken by planters for the differential. The young of the first brood 
appears as early as the middle and lastof March. It is double brooded, 
and receives a second consideration because the eggs act as food for 
differential egg parasites which-appear earlier than August 15 and 
September 1. “The first brood matures about May 15 and the last from 
October 1 to 18. As hibernation is passed in the ege condition, fall 
and early winter cultivation will prove destructive to the eggs. 
Melanoplus atlanis and Chloéaltis viridis were also found upon Da- 
homy, but not in sufficient numbers to warrant any alarm. Specimens 
of atlanis were received from the alfalfa sections of the Red River 
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Valley in Louisiana, and were reported by Mr. George W. Arnold, of 
Vanceville, La., as injuring alfalfa. No opportunity was presented 
for a study of its life history and 
habits. 

Field locusts. —In August, Sep- 
tember, and October from among 
the coarse ditch grasses and those 
of swamp and waste places come 
the rasping sounds and almost con- 
tinuous buzz of the field locusts. 
Not much attention has been paid 
to these long-horned grasshoppers 
or locusts. In ordinary seasons they are not prone to wander from the 
ditch banks, but when the differential prevails, they are forced into 
the crops in search of food. In 1898 and 
1899 considerable damage was done. The 
prevalence of a species of Orchelimum may 
be imagined when in certain sections of the 
Delta, particularly near Mound Landing, 
Miss., hundreds of acres of dry cotton stalks 
were found to contain numbers of eggs in 
every branch and twig (see fig. 19 showing 
general appearance of punctured stalks and 
position of exposed eggs). These eggs were 
also found abundant in the tassel stalks of 
corn in widely distributed fields. 

The eggs hatch during the latter part of 
May and continue until June 20. Moisture 
has much influence upon hastening ineuba- 
tion and hatching. In cages the stalks of 
cotton were moistened every few days, and 
after each dampening the young emerged 
more numerously. The exact number of 
molts was not determined. After molting 
the young devour the cast skin and fre- 
quently they have been found devouring 
one another. Maturity is reached very ir- 
regularly owing to the difference in the time 
of hatching and of the variations of devel- 
opment. The form most commonly found we 
upon Dahomy was Orchelimum agile (see yr. PRO of ictiiton seal 
fig. 18). It matures from the middle of — showing punctures and eggs of 

Orchelimum agile (original). 
July until September 1, deposits eges from 
fifteen to thirty days after reaching the adult, and winters in the egg 
condition. In 1899 Orchelimum agile was a veal enemy to cotton, 


Fic. 18.—Field locust (Orchelimum agile) (original). 
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but the habit of depositing eggs in cotton branches and the tassel 
stalks of corn suggest the burning of all egg-infested cotton and corn 
stalks, which has been the common practice upon some plantations. 

The field locust eggs are common hosts of two hymenopterous 
parasites, Hupelmus wiphidii Ashm. MS. and Macrotelesa sp. near 
floridana Ashm. In breeding cages the latter appeared during the 
month of June, while the former appeared at intervals from July 21 
until October 15; the majority, however, emerged between August 25 
and September 18, and all were females. — It is interesting to note that 
the parasite delays development and reaches the adult stage at a time 
when locust eggs are fresh and more or less abundant. 

From adult locusts a number of Sarcophagid flies, //elicobia helicis 
Town. were bred. The maggots appeared on September 15, pupated 
September 17, and matured September 24. 


THE RELATION OF CREVASSES AND RAINFALL TO THE APPEARANCE AND 
DISAPPEARANCE OF GRASSHOPPERS. 


Planters operating behind the levees of the Mississippi River have, 
from experience, begun to expect insect outbreaks of one kind or 
another after overflows. In many sections the Southern grass or army 
worm (Laphygma frugiperda) makes its appearance in damaging num- 
pers, while in other places grasshoppers and the army worm may 
both become destructive. It has been frequently observed that pre- 
vious to crevasses predaceous beetles of many kinds are abundant on 
alluvial lands. They feed upon the army worm and easily keep them 
in check. During crevasses the beetles are either destroyed or are 
carried to other places by the flow and rush of the crevasse water. 
As soon as the water recedes and the land is put in cultivation the 
army-worm moths from neighboring sections fly in, and as this species 
is a rapid breeder, the crops of the overflowed area are soon infested 
with armies of caterpillars. It is usually a month or more before the 
predaceous beetles can migrate in numbers sufficient to check and 
overcome the march of the caterpillars. 

In the case of the grasshopper the conditions are somewhat differ- 
ent. A part of the overflowed land may be thrown out of cultivation 
a season or more, and thus nesting places are provided. Should heavy 
rains prevail during May and June of the season immediately follow- 
ing the crevasse, nothing is heard of the ravages of grasshoppers; but 
should dry summers follow, the conditions for grasshopper propaga- 
tion and development are much more favorable, and complaints are 
usually common. The relation of predaceous beetles to grasshoppers 
is not so intimate as in the case of the beetles and the army worms, 
though it must not be wholly disregarded, nor are the rains so destruc- 
tive to the army worms as to grasshoppers. 


The above statement of conditions is given in order to emphasize 
the importance of a study of the conditions of insect outbreaks. 
Were we better acquainted with accurate environments preventive 
measures would invariably take the place of the more expensive reme- 
dial ones. 

Capt. Charles L. Potter, Corps of Engineers, Memphis, Tenn., has 
kindly furnished the following list of the breaks occuring in the Mis- 
sissippl River (between Roiling Fork and Coahoma, the grasshopper 
infested territory) since 1887: ; 


Distance | 
| by river | 


Name of crevasse. ern Date. | ; Remarks. 

Cairo. 
Miles | 

ORME AS2: SSR" Se 444 | Mar. 18, 1890 | 

Skipwitit..--# tee o 530 | Mar. 26,1890 

Mound Landing...-.-.-. 435 | Mar. 28, 1890 

Huntimeton) 22 oes se.- 438 | Mar. 28, 1890 

Austins: s5 0.5 037) 288 | Apr. 3,1890 | About 30 miles above Coahoma. 

Cathsh Pomte ee! see 432 | Apr. 4, 1890 | 

Robertsonyille ........ 354 | Mar. 11,1891 

Stellates. =. ocbe oss eee 503 | Apr. 3,1891 

Deerheld x2 2k 7. ose 492 | Mar. 28, 1897 

DledPer cess: Teck se%c8 380 | Mar. 30, 1897 

Stop Landing.......... 434 | Mar. 30,1897 

Flower Lake .........- 300 | Apr. 4,1897 | About 20 miles above Coahoma. 

SSH LAM Cuan eet 548 | Apr. 21,1897 | Latitude 8’=about 10 miles south of Rolling Fork. 


There were no crevasses in the Mississippi levees from 1887 to 1890. 

A small crevasse occurred at Greenville in 1891 that was closed before the discharge was appre- 
ciable. 

All the breaks except those at Flower Lake, Austim, and Shipland are located between Coahoma 
and Rolling Fork. 

Grasshopper outbreaks occurred in 1891 and 1892, and again in 
1898, 1899, and 1900. It is a significant fact that the rainfall of May 
and June, 1893, and of the same months in 1900 had a decided effect 
in suppressing the injurious numbers of grasshoppers, and conversely, 
the dry summers immediately following the crevasses encouraged 
greatly their development. 

The following table of rainfall for Greenville, Miss., the nearest 
meteorological station, furnished by Mr. W. 8S. Belden, acting station 
director, Vicksburg, Miss., supports the above conclusions. 


Rainfall at Greenville, Miss., 1888-1900. 


Year. | Jan. | Feb. | Mar, Apr. |May.|June. July.; Aug.| Sept.} Oct. | Nov. | Dec. | Annual. 
| 
WBSS 2): Si. chides tes | 6.11 | 2.41 | 9.88 | 1.65 | 4.54 | 3.95 | 2.28 |10.39 | 2.69 | 1.61 | 3.89 | 3.89 53. 29 
DSBs Ste aa eens. | 4.89 | 2.71 | 1.85 | 2.60 | 4.03 | 7.09 | 4.50 | 1.86 | 4.05 | 0.40 | 5.92 | 1.05 40. 95 
Ce ee aan 4.98 | 6.30 | 6.63 |11.01 | 4.67 | 2.31 | 2.23 | 2.09 | 4.94 | 2.79 | 1.48 | 3.94 53.37 
1891...........--.] 3.79 | 8.38 | 4.43 | 2.24 | 3.42 | 3.02 |12.32 | 2.44 | 1.64 | 0.86 | 5.40 | 3.40 51. 24 
1h) Re a ee cee 5.59 | 8.60 | 3.91 | 9.74 | 2.93 | 2.54 | 9.25 | 3.50 | 6.96 | 0.80 | 2.44 | 6.54 57. 80 
LB ec cin cto xi te oe 1.63 | 5.27 | 2.70 | 5.69 | 7.89 | 6.59 | 2.33 | 2.87 | 2.67 | 0.34 | 6.34 | 1.87 48. 69 
PSA ss dd < eset 7.37 | 8.19 | 9.48 | 4.48 | 0.61 | 0.30 | 5.09 |...... | 1.17 | 1.53 | 0.35 | 4.25 37.81 
USOD Nera s's, dese tak 6.82, |) bs 240 |s002-. 1.71 | 1.32 |11.50 | 4.30 | 7.23 | 0.87 | 1.20 | 3.78 | 3.58 45, 55 
IBOG se se 2, ess iS 3.29 | 5.24 | 7.98 | 2.48 | 1.09 | 0.71 | 0.85 | 1.84 | 0.74 | 3.20 | 4.73 | 0.17 32, 32 
1897... 4.31 | 4.05 111.48 | 1.96 | 2.19 | 105 | 3.85. | 2.24 + T. 2020 | 259618537 44. 66 
LBB Sten -tae cetts aie 8.19 | 2.89 | 2.94 | 3.83 | 3.15 | 2.54 | 1.57 | 7.51 | 6.12 | 5.85 | 4.60 | 1.51 50.70 
O09 es teen esee 9.30 | 4.57 | 5.21 | 2.19 | 4.67 | 1.51 | 2.10 | 0.87 | 1.18 | 1.15 | 0.94 | 4.23 33. 92 
11,1 setews igee eeee 1.94 | 5.44 | 5.64 | 7.11 | 4.02 | 9.29 | 6.11 | 0.93.) 2.58 | 6.03 |----../--.--- 142.98 
| | | 


1 For 10 months. 
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The habits of young grasshoppers to seek the soil crevices during a 
rain results in the burial of millions beyond the possibility of a resur- 
rection. This, with the development and propagation of fungous 
diseases among the nymphs, are the most potent natural agencies 
which destroy grasshoppers during wet summers. 

The fact that the differential locust will deposit eggs in logs has 
given some support to the idea that crevasse water introduces the 
grasshoppers. There are sections of the delta, however, which are 
almost annually overflowed by the high water of the Mississippi and 
its bayous and which would be common infesting grounds were this 
the case, but these do not seem to suffer except when dry summers 
prevail. 

SOME INSECTICIDE EXPERIMENTS. 
By C. L. Maruarr. 


A series of experiments with certain insecticide substances was made 
in the spring and early summer of 1900 and are herewith recorded. 
The experiments were especially designed to test the effect of various 
substances which might be used against the San Jose scale, both as to 
their effect on trees and efficiency as destroyers of the scale. They 
included work with (1) crude petroleum; (2) refined kerosene; (3) lime, 
sulphur, and salt wash; (4) hot water; (5) Bordeaux wash and kerosene 
emulsion; and (6) a kerosene and lime emulsion. The experiments 
with the latter two substances were made at the suggestion and with 
mixtures furnished by Professor Galloway. An experiment was also 
made, at the suggestion of Dr. L. O. Howard, with a heavy lime wash 
or whitewash. For the washes containing lime the period immedi- 
ately following the applications was unusually favorable, little rain 
falling for upwards of two or three weeks. In the use of crude 
petroleum and kerosene nothing especially new is to be noted except 
the fact that the treated trees were not in any way injured and the 
effect on the scale was all that could be desired. The lime and salt 
wash, rather unexpectedly for the East, proved to be a very efficient 
insecticide, doubtless owing to the fact, however, that the weather 
conditions were exceptionally favorable. The lime emulsion indicated 
good results. The Bordeaux and oil mixture was less favorable, and 
the whitewash spray, while most promising in appearance at the out- 
set, was valueless as to results in the outcome. 

Crude and refined petroleum.—A series of plum, apple, and pear 
trees were sprayed March 22 with crude petroleum (43° Baumé), the 
applications being made thoroughly enough to completely wet the bark. 
The plum trees were thickly infested with Diéaspis pentagona and the 
pear trees with the San Jose scale. Some of these trees had been 
pruned back heavily, and others were straggling trees 10 or 12 feet in 
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height. The application was made between 2 and 3 p. m. ona bright, 
dry day. At the same time a block of trees was sprayed with kero- 
sene, or refined petroleum. The weather continued fair and dry for 
four days, and there was no rainfall of any amount prior to April 11. 
After the second day the kerosene had very largely evaporated, the 
treated trees showing only a very light discoloration. Trees treated 
with crude oil, on the other hand, were still very wet and oily looking. 
The full-grown female scales of Diaspis pentagona were thoroughly 
soaked and were permanently preserved, apparently, in the oil and had 
scarcely changed color and were not drying up. After six days a 
slight change in the coloration of the female scale insects began to be 
observed, the color shghtly altering from light lemon to light orange. 
This change in coloration is a certain indication of the death and grad- 
ual drying up of scale insects, which usually change from lemon to 
orange and finally to brown or black in the different stages of drying 
after being killed by an insecticide. Three weeks after the application 
the trees treated with the crude oil were distinctly greasy in appear- 
ance and blackened by the oil. Trees sprayed with the pure kerosene 
gave no indication of having been treated at this time, the oil haying 
entirely evaporated. Curiously enough, the grass growing about the 
trees treated with these oils seemed to be more affected by the refined 
than the crude oil, being somewhat yellowed. This grass had been 
sprayed pretty heavily with the oil to see what result would follow. 
Two weeks later—namely, five weeks after the application—the bark 
of the trees treated with the crude oil was still dark and distinctly oily. 
All the trees treated with oil were leafing out and blooming just as 
freely and fully as untreated trees. The grass, which had shown yel- 
lowing at the outset, bad entirely recovered and was apparently unin- 
jured, seeming to indicate, at any rate, that grass will stand a consid- 
erable application with both crude petroleum and the refined oil without 
being killed. This fact is interesting in connection with the use of 
this substance against white grubs on lawns. (See Pl. L.) 

Lime, sulphur, and salt wash.—A mixture of this substance was 
prepared, differing slightly from the formula given in Farmers’ Bulle- 
tin No. 19 in that the amount of lime was somewhat reduced, namely, 
from 40 to 30 pounds. This reduction in the amount of lime was made 
simply because in the ordinary formula the lime is very greatly in 
excess and remains as a pure lime sediment in the wash and has to be 
kept in suspension by agitation. Even as thus reduced there is still a 
considerable excess of lime. The formula followed was: 


Time «22s nce ee seh oe see ee oak ee ee pounds... 30 
Sulphur 2.2 20. 222... Sok PAR ee ee doss see 
Salt 222.2. S305. SSE Ae Se ee ee do ssl 
Water: 2.6 ci Ue Pcie Se os eee eee gallons. 60 


The mixture was steam boiled altogether in barrels about four hours 
and applied March 23 and repeated March 24. The hot liquid was 
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taken immediately from the barrels at almost a boiling temperature 
and sprayed at once on the trees. A series of experiments was also 
made with the preparation of this wash on a smaller scale, following 
practically the same formula. The products obtained were submitted to 
the Chemist of this Department for analysis, and the assistant chemist 
charged with the work was especially advised just what features were 
supposed to be desirable and what points the analysis should bring out. 
The result of this analysis, made by Mr. J. K. Haywood, of the 
Bureau of Chemistry, as reported by Dr. H. W. Wiley, Chief Chemist, 
is given ina footnote.’ It is very interesting and valuable as showing 
the probable exact chemical nature of the wash in a dry climate and 
correspondingly also in a wet climate, in these respects practically sub- 
stantiating the theory which the writer had announced several years 
ago. The practical application of this wash, as described above, was 
made to pear and plum trees, both infested with the San Jose scale, 
the plum trees being very thickly covered with the scale from top to 
bottom and the pear trees scaly from the butts upward three or four 
feet, scattering more or less over the whole tree. The plum trees had 
also more or less of Diéaspis pentagonda. 

The question naturally arose, in view of the extreme heat at which 
the liquid was applied, whether any results gained might not be due 
to the high temperature of the liquid rather than from any insecti- 
cidal action. To test this matter some plum and peach trees covered 
with Diaspis pentagona were sprayed on March 27 with water at 


stances in solution: A large amount of (CaS) calcium sulphid, some of the higher 
sulphids of Ca (as CaS, and CaS;), small amounts of (CaSO,) calcium sulphate, and 
traces of (CaSO,) calcium sulphite, and a large amount of (CaS,O,) calcium thio- 
sulphate; also some of the excess of Ca(OH), lime is in solution. The residue is 
composed of lime. 

On eyaporating down a portion of the wash, with blast and at a gentle heat, no 
decided change takes place. Calcium sulphid still remains, as does calcium thio- 
sulphate. A small amount of sulphur is deposited (doubtless from the polysulphids 
of calcium), and the amount of calcium sulphate is increased to a small degree. 

If such a wash were applied to trees in a dry climate, the various compounds formed 
would remain for a long time and only gradually decompose. Eventually, however, 
the calcium sulphid would decompose, most likely forming calcium sulphate and some 
hydrogen sulphid (H,S), and the calcium thiosulphate would decompose, first setting 
free sulphur and calcium sulphite, which last would oxidize to calcium sulphate. 
The lime would change to calcium carbonate (CaCO,) and the polysulphid would 
break down, yielding sulphur and calcium sulphid, which would in turn change as 
above. 

In a wet climate the calcium sulphid and the calcium thiosulphate would soon 
leach out, leaving behind small amounts of calcium sulphate and a large amount of 
lime, which would in turn form insoluble calcium carbonate. In this latter case the 
tree would still remain white and appear to still have the wash upon it, but, in fact, 
very little other than the calcium carbonate would be left. 
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inches of the bark and the spraying being very thoroughly done. Ata 
distance of 18 inches, as tested by spraying on one’s hand, the mist or 
spray was barely warm; at a distance of 12 inches, fairly hot, and very 
hot at from 4 to 6 inches. The bark of the trees sprayed was cold to 
the hand as soon as spraying stopped. This hot-water spray brought 
to bear closely on the scale insects, it was thought, would kill them, 
although it would of course be impracticable to make such close- 
range application in general practice. On the contrary, however, 
the scales remained in a vigorous, healthy condition, and apparently 
did not suffer in the least from the warm douche. 

The results, therefore, gained by the lime, sulphur, and salt wash 
may be properly ascribed, it is believed, to a true insecticidal value of 
the substance rather than to the temperature of the application. The 
trees treated with this wash remained nearly snow-white, little, if any, 
of the mixture being taken off by the light snow and rain of the 25th 
and 26th instant. Discoloration of the Diaspis began to be noticed on 
the 27th instant. On April 13 the Diaspis scale insects killed ranged 
between 20 and 50 per cent on the young, vigorous limbs. All were 
dead on the old trunk, where the wood was in a very unhealthy condi- 
tion owing to the completeness of the infestation, both by the Diaspis 
and the Aspidiotus. The San Jose scale, so far as investigation could 
determine, seemed to be killed completely; no insects were found 
on the young, vigorous shoots or older wood. ‘The trees were still 
whitened with the wash, which had not been carried off to any very 
great extent by the heavy rains of April 11 and 12. The infested 
trees, especially those that had been pruned back, made a very vigorous 
growth, and the fruiting and growth of the others were entirely 
satisfactory. 

In this experiment, which differed so remarkably in results from 
other experiments made in the East with this substance, it must be 
noticed that the weather conditions were exceptionally favorable. 
The application was made on March 23, and no washing rains followed 
until April 11 or 12, the light rain and snow of the 25th and 26th of 
March being not enough to vitiate the wash particularly, as very 
little of the snow rested on the trees, and much that did gain lodgment 
fell or was blown off subsequently. A very light shower occurred on 
April 4, but the first heavy downpour and long rain occurred on the 
night of April 11. 

This experiment would seem to indicate that if one could count on a 
week or two of good weather following an application, the lime, 
sulphur, and salt wash might be as beneficial in the East as on the 
Pacific coast. Its cost is inconsiderable compared with the other treat- 
ments for the San Jose scale. 

During the summer of 1900 the writer spent considerable time in 
California and saw a great many deciduous orchards that had been 
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treated with the lime, sulphur, and salt wash. This treatment had 
been made in the winter or early in the spring, before the trees had 
begun to leaf out, and at the end of August the trees were still dis- 
tinctly whitened by the application, there having been no rains in the 
interim to remove it from the bark. Under such circumstances it is 
plainly to be seen that this wash has the maximum chance of effective- 
ness, and that it is thoroughly effective under these conditions is beyond 
question. Its effectiveness is undoubtedly, in the first instance, chiefly 
due to the direct insecticidal action of the mixture; and possibly, 
secondarily, in protecting the tree by the limy and sulphurous coating, 
which remains for months and is undoubtedly distasteful to the young 
scales coming from old individuals which may have escaped, and 
perhaps: retains enough of its insecticidal value to destroy many of 
them. 

Bordeaux mixture kerosene emulsion.—This mixture, suggested by 
Professor Galloway, is an attempt to emulsify a small amount of kero- 
sene in a comparatively large amount of Bordeaux wash. The for- 
mula used was— 


Gallons. 
SE eats h ered CPR TONERS: ep eens reer eye eye nee eS ee ee a | De ee ey 5 
[SSiROR RINE 2 oh te ee Eee ne mee pe nee arn Se een Coe Mie re eal 1 


The two are churned together until the oil is emulsified. SSome peach 
trees infested with Diaspis pentagona were sprayed with this mixture 
on April 14. At the time of the application the trees were just com- 
ing out in leaf and bloom. The weather conditions immediately fol- 
lowing the application were favorable, no rain falling on the 15th or 
16th. There was a good deal of rain, however, between April 17 and 
22. This mixture seemed to have little effect on the trees, and also 
little effect, if any, on the scale insect. It must be remembered that 
the Diaspis has an unusually thick scale, and is therefore more than 
ordinarily protected and correspondingly immune from the. action of 
insecticides, as was illustrated in the preceding experiment with the 
lime, sulphur, and salt wash, where not above 50 per cent of this 
Diaspis was killed by a wash that completely exterminated the San 
Jose scale. The testing of this mixture has not, therefore, been 
wholly satisfactory, and it is probably worth while to do some more 

work with it in the future with other scale insects. 
— Kerosene-lime emulsion.—TVhis mixture, recommended to the writer 
by Professor Galloway some years ago and experimented with in a 
limited way at the time, was again brought to his notice by Professor 
Galloway, who prepared for his use an emulsion after the following 
formula: 


TIRES UTA eee eee See 2 eee ce ere SCS As oot ann Rhee. Sees pounds... 4 
Vick Or ene raeeieen 4 pan te een $y apd Bese idee 45 Poy ets fet oe: ayes yt Pe tle gallons.. 5 
Merasene esas. ss20 5 95 ee ere 03 Gere ae Te ces Se ee ek tees dosc=o 
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Slack the lime slowly with small quantities of water in order to get 
a creamy solution. When thoroughly slacked dilute to 5 gallons, add 
1 gallon of kerosene, and churn until emulsified (one or two minutes). 
This mixture was applied April 14 to a peach tree badly infested with 
Diaspis pentagona, and to several pear, quince, apple, and peach trees 
not infested with scale insects, the application to the latter being made 
more particularly to determine the effect of the wash on different 
kinds of trees. The application whitened the trees, not entirely, how- 
ever, obscuring the bark. The treatment was very heavy and thor- 
ough. It is possible that more lime would have been an advantage, 
making a better emulsion and a slightly heavier wash. This treatment 
was made at the same time as the Bordeaux wash, referred to above, 
and experienced the same weather conditions. The effect of this wash 
on trees was not unfavorable, no injury being noted.’ The Diaspis on 
the one scaly tree subjected to the wash were, for the most part, dead 
or dying by the 17th of April, the wash holding well and still coating 
the trees uniformly. This lime emulsion is worthy of a more extended 
trial, and it is hoped that others who have opportunity to test its effect 
on various scale insects will undertake experiments with it. 

Whitewash.—At the suggestion of Dr. Howard and with the idea of 
determining the effect of the lime in the several lime washes used, a 
good sized plum tree thickly infested with Diaspis pentagona was 
subjected on the same date as the last two experiments to a thorough 
spraying with a strong whitewash, prepared by slacking 2 pounds of 
stone lime in a gallon of water. The application left a thick coat of 
whitewash on the tree, entirely obscuring the bark and leaving the 
plant snow-white. At the time of treatment the buds had not started. 
This lime wash held very well except that it cracked and scaled off a 
little in spots, due to the action of the wind. In the main, however, 
the bark of the tree remained snow-white and thickly covered for 
three or four weeks, in fact, at the end of the summer the lime still 
adhered to some slight extent. The tree came into bloom and leaf 
later on without any checking from the application. The adult female 
scales were not affected, apparently, at all by this application, rather 
to our disappointment, but it was still hoped that the lime coating 
would remain and prevent the young scales from settling on the bark. 
The young of this species, however, appeared very late in the spring 
and, unfortunately, before that time the lime had so cracked and 
scaled off in spots that little benefit was gained from its presence, and 
the second brood at least of this species again completely covered the 
tree. A lighter coating of lime as indicated by the lime, sulphur, and 
salt wash and the Bordeaux wash, and also the lime emulsion, adhered 


'The infested peach tree first mentioned subsequently died, not necessarily, how- 
ever, as a result of the treatment, but more likely in part from this scale infestation. 
The other peach trees were nor injured, nor did any of the other trees suffer from the 
wash. 
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PLUM TREE SPRAYED WITH A HEAVY LIME WASH. 
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better than the heavier coat experimented with in this instance and 
perhaps might have proven of some slight value in preventing the set- 
tling of the young scales. Further than this the pure lime wash 
appears to be of little value against scale insects, at least as indicated 
by this single test. (See Pl. II.) 

The insecticide value of formaldehyde gas.—Some experiments were 
made in conjunction with Dr. E. A. de Schweinitz, of this Department, 
several years since to determine the insecticide value of formaldehyde 
gas. The results of these early trials indicate little, if any, value in 
this gas for the purpose named. This year opportunity was offered 
to test this gas in a much more satisfactory way. A patent generator 
having been devised by some local parties especially for germicide 
purposes, the owners were very anxious to have it tested, also to deter- 
mine its value as a means of destroying insects. Under the writer’s 
supervision, therefore, it was used in the first instance against insects 
affecting stored products. The gas was generated to three or four 
times the amount necessary for germicide purposes in the fumigating 
room of the Department which contained some grain badly infested 
with the Angoumois grain moth and some beans thickly stocked with 
the bean weevil. The gas killed some of the moths which were flying 
about thickly when the generator was put in operation, but the bean 
weevils were apparently not injured in the least by it and a good many 
of the moths were not killed. The generator was subsequently placed 
under a tented peach tree thickly infested with Diaspis pentagona. 
The generation of the gas in this instance was again in enormous 
quantity for the space inclosed, a quart of alcohol being converted. 
The effect on the tree was, however, most disastrous, the leaves show- 
ing almost complete withering as soon as the tent was removed and 
the tree dying shortly after. The scale insects were immediately 
killed by the application, and therefore not as a result of the death of 
the tree. The effect on the scale insects and the tree may have been, 
and was, very likely, due to the heat which the generation of the gas 
produces. This gas is generated by the imperfect combustion of wood 
alcohol in a burner or stove especially designed for the purpose. The 
insects in the fumigatorium and the scale insects on the tree were 
subjected to the influence of this gas between three and four hours. 

A recent bulletin of the Hatch Experiment Station of the Massachu- 
setts Agricultural College (No. 69) would seem to indicate that this gas 
has little or no value as a fungicide. 


THE CARRIAGE OF DISEASE BY FLIES. 
By L. O. Howarp. 
So much is said nowadays of the carriage of a certain class of dis- 


eases by mosquitoes that the agency of certain flies in the transmis- 
sion of another class of diseases is apt, to a certain extent, to be 
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overlooked. The malarial germ has to pass through the body of cer- 
tain mosquitoes before attaining its highest development or its full 
life history. So far as we know as yet, certain mosquitoes are neces- 
sary secondary hosts in the development of this disease germ. The 
malarial germ is an animal organism. It belongs to the group of 
animals known as Protozoa, and from analogy it is altogether likely 
that the as yet undiscovered germ of yellow fever will also prove to 
belong to the same class of parasitic organisms. The parasite which 
causes Texas fever in cattle is also analogous to the minute spore 
which causes malaria in human beings. It inhabits the blood just as 
does the malarial parasite, and is conveyed by a biting insect; in this 
case the cattle tick, just as the former is conveyed by certain mosqui- 
toes. With diseases caused by bacterial organisms (which belong to 
the plant kingdom and not to the animal kingdom), a biting insect is 
not necessary for their transfer from a sick individual to a healthy 
one in the majority of cases, Such diseases are notably typhoid fever, 
cholera, and pulmonary consumption. With these diseases, and more 
especially the first two, the agency of non-biting flies as transmitters 
becomes important, and for this country their agency in the transfer 
of typhoid fever is especially important. It has been known for some 
time that flies may carry bacilli and bacteria on their feet. That was 
experimentally proven by allowing flies to walk over cultures, and 
after allowing them to walk upon sterilized media the same bacteria 
developed. Moreover, as early as 1888 it was shown by an Italian 
investigator that flies fed upon pure cultures of typhoid bacillus were 
able to transmit virulent bacilli with their excrement. Further early 
observations showed that flies are important agents in the transmission 
of Asiatic cholera. 

Typhoid fever was astonishingly prevalent in the concentration 
camps in this country at the outbreak of the war with Spain, and the 
disease received a thorough investigation at the hands of a special 
commission of army surgeons appointed for the purpose. It was 
shown that although excellent preventive measures had been recom- 
mended in circulars issued by the Surgeon-General of the Army, these 
instructions were not carried out in many camps and that the excre- 
ment of the troops had not been properly cared for. Flies were found 
to swarm over the infected fecal matter in the pits and then proceed 
to the mess tents and feed upon the food prepared for the soldiers. 
This was convincingly shown by the fact that where lime had been 
sprinkled over the pits flies with their legs whitened by the lime were 
found upon the mess tables. In the report published by one of the 
members of the commission a number of significant and interesting 
facts relating to typhoid fever were brought out. It was shown, for 
example, that the virulent germs may be excreted by a person for 
some time before he is known to have typhoid. It was also shown 
that such germs may be found in the excrement for a long time after 
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apparently complete recovery of the patient. By the agency of flies 
which visit such excrement the bacilli may be carried far and wide to 
food supplies, and by their consumption may enter the digestive tract 
of many healthy individuals. 

An investigation has been carried on in this office for the purpose 
of ascertaining just what flies breed in human excrement or are in 
the habit of visiting such substances, and, conversely, just what flies 
are found in dining rooms and kitchens where food is being served 
and prepared. These investigations have been conducted with the 
utmost care and in many different parts of the country. <A very 
large amount of material was studied, and the detailed results were 
published in the proceedings of the Washington Academy of Sciences 
(Vol. II, pp. 451-604). Briefly summarized, it was found that the 
number of species of insects which breed in or frequent human excre- 
ment is very large. There are many beetles (44 species, and many 
hymenopterous parasites); none of these, however, are especially 
significant in this connection. Flies are the important creatures, and 


Fic. 20.—Musca domestica: Puparium at left; adult next, with enlarged antenna; larya and enlarged 
parts at right—enlarged (original). 


of these 77 species were studied. Thirty-six of them were found to 
breed in human feces, while 41 were simply captured while visiting 
this substance or feeding upon it. Some, of course, were scarce and 
others were very abundant. 

Now, in order to ascertain exactly which ones of these-are important 
in the disease-bearing function more than 2,300 flies were caught in 
kitchens and dining rooms in different parts of the country from Mas- 
sachusetts to California and from New York to Louisiana, and were 
all carefully examined. It was proven that of the excrement flies six 
species are found in houses in sufficient numbers to constitute them 
dangerous species. The most abundant species found in or on excre- 
ment do not occur in kitchens and dining rooms, but, as just stated, 
these six species are sufficiently abundant in both relations to become 
very dangerous. 

At the head of these six species must stand the common house fly, 
Musca domestica (fig. 20). This insect constituted over 98 per cent of 
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the whole number of flies captured in kitchens and dining rooms, and 
while it was by no means one of the species most commonly captured 
upon excrement, it was shown conclusively that under certain condi- 
tions this insect may be a factor of the greatest importance in the 
spread of intestinal disease. In the most cleanly and best cared for 
portions of a large city these conditions do not exist. The admirable 
water supply and sewerage systems pertinent to such localities—the 
admirable water-closet facilities which sanitary plumbing has carried 
to such a degree of excellence—obviate in a large measure typhoid- 
transfer possibilities, yet, even in such places, where the vessels used 
in the sick room are not promptly disinfected and where by reason of 
neighboring stables house flies are especially abundant (since these 
creatures breed by preference in horse manure), the possibility may 
still exist, but in army camps where feces are left exposed the house 
fly will and does breed in this substance in large numbers and in 


Fic. 21.—Drosophila ampelophila; a, adult; b, antenna of same; c, base of tibia and first tarsal joint of 
same; d, puparium, side view; ¢, puparium from above; f, full-grown larva; g, anal spiracles of 
same (author’s illustration). 

towns where the box-privy nuisance is still in existence (and this 

applies to very many farmers’ houses in the country) the house fly is 

a constant source of danger. Moreover, in the low quarters of a 

large city where there is lax sanitary supervision, in the open lots 

surrounded by an ignorant population, feeces are frequently deposited 
in the open, sometimes in close proximity to kitchens, and thus may 
become very dangerous. 

The other species of flies which are of especial importance are as 
follows: The little fruit flies of the genus Drosophila, and especially 
Drosophila ampelophila (fig. 21), which is so commonly found in 
houses in the autumn, attracted to overripe or partly decaying fruit, 
and which sometimes swarm in great numbers about the fruit stands in 
markets, isalso an excrement breeder, and at certain times of the year 
becomes an important form in the disease-transfer relations. The 
species known as the little house fly (//omalomyia canicularis and TZ. 
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brevis (fig. 22), a small species sometimes with a light-colored abdo- 
men, which is found commonly upon windows though not nearly so 
abundantly as the house fly, is also a dangerous species. The other 
most dangerous forms are the stable fly (Stomowxys calcrtrans) (fig. 23)— 
a biting fly which looks so much like the house fly that it can hardly 


Fig. 22.—Homalomyia brevis: Female at left; male next, with enlarged antenna; larva at right— 
enlarged (original). 
be distinguished from it, but which has a piercing proboscis and bites 
severely—and the forms known as Phora femorata and Sarcophaga 
trivialis. 
In brief, the results of the observations indicate— 
(1) That in the interests of health, and especially as obviating the 


FiG, 28.—Stomoxys caleitrans: Adult, larya, puparium, and details—enlarged (original). 


possibility of the transfer of typhoid fever by flies, the box-privy 
auisance should be abolished wherever it exists, even with ordinary 
farmhouses, and some form of earth closet should be substituted, 
preferably one in which the contents can be removed and securely 
buried at very frequent intervals. 
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(2) Excrement should neyer be deposited in the open without being 
immediately covered with a thick layer of earth. 

(3) In the low quarters of cities the especial attention of boards of 
health should be directed toward such open deposits, and such a depo- 
sition should be consid- 
ered a punishable mis- 
demeanor, and the reg- 
ulation should be vig- 
orously enforced. Of 
course, such offenses are 
generally committed aft- 
er dark, and it is difficult 
to trace the offender, but 
the first responsible per- 
son who notices it should 
be required to report it 
to the police so that it 
may be removed or coy- 
ered as soon as possible. 
Dead animals are so re- 
Y es ported and cared for, 
but human excrement is 
much more dangerous 
than dead animals. 

(4) Every effort should be made by boards of health in cities and 
by private persons in the country to limit the breeding of the common 
house fly, and to accomplish this result a strict supervision of stables 
in which horses are kept 
should be carried on. As 
stated above, the great 
majority of house flies 
breed in horse manure. 
The breeding is rapid, and 
a small pile of horse man- 
ure may be responsible for 
an enormous number of 
flies. The writer has found 
by careful experimental 
work with many different 
insecticidal substances that 
chlorid of lime is the most 
efficient substance which . 
can be applied to manure piles in order to destroy the maggots of 
house fly, but to treat an outdoor manure pile of large size with chlo- 
rid of lime would be an expensive matter. The writer has suggested, 
therefore, that some receptacle for the manure from each stable be 
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Fig. 24.—Scatophaga furcata (a common excrement fly): Male, 
with closed wings—enlarged (author’s illustration). 


Fic. 25.—Morellia micans (a common excrement fly): Broken 
puparium at right—enlarged (original). 
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constructed, either in the form of a large closet with a door opening 
outside as well as one inside, or that a pit be made. The stable should 
be cleaned daily or every other day, and each time that a day’s or two 
days’ accumulation is added to the pile in the closet or pit a shovelful 
of the chlorid of lime should be thrown over it. When the manure is 
needed for the farm or garden it may just as conveniently be shoveled 
upon a wagon from the outside door of such a closet as described as 
from an outside pile. Thorough experiments were carried on som> 
time since at the stable of the Department of Agriculture and it was 
found that by a little careful, inexpensive work of this kind the num- 
bers of house flies of the whole neighborhood were rapidly and enor- 
mously lessened. 


THE GREEN CLOVER WORM. 


(Plathypena scabra Fab.) 
By F. H. Carrrenpen. 


One of the commonest insects about the District of Columbia is the 
Deltoid moth, Plathypena scabra, the larva of which, called the green 
clover worm, feeds on various leguminous plants, particularly clover. 
During the season of 1897, and again in 1899, this larva was frequently 
observed in connection with observations on insects attacking beans 
and peas in this vicinity. 


RECENT OCCURRENCE. 


Early in June, 1897, larvee, mostly half grown, were observed on 
beans in the District of Columbia; also on soy beans August 18, and 
later nearly or quite mature on peas September 4. During autumn 
they were also observed on a species of tickweed (M/echomia sp.). 

June 14, 1899, Mr. T. A. Keleher, of this office, brought specimens 
of the larve found on beans growing in the city of Washington. 
About the same time the writer observed this species of larva on 
vetch, a forage plant growing on experimental plats at this Depart- 
ment. Larve were still being found on vetch and bean until June 24. 
August 1 larve were found on Lima bean at Marshall Hall, Md., and 
August 10 on the same plant at Cabin John, Md., and during Septem- 
ber larve were again obtained in great numbers on a species of Mei- 
bomia in the former locality. 

Although it appears probable that this species feeds to all practical 
purposes exclusively upon the Leguminose, it is evidently capable of 
subsisting upon other plants, as was proved by the finding at different 
times by the writer of larve that agree with Plathypena scabra in 
every discernible particular on both strawberry and blackberry. 

July 31 a moth of this species was reared from a larva obtained 
on strawberry in the District of Columbia. August 2 a second speci- 
men was reared from a larva from the same strawberry patch. The 


46 


pupal condition in this case was passed in eight days, and the chrysalis 
was concealed in a rolled-up leaf of strawberry. Taking into consid- 
eration a previous observation on the larva’s occurrence on straw- 
berry in 1899, it would seem that this is a true larval food plant. 

The moth is typical of the Deltoid group of Noctuids, a group of 
genera which derives its English name from the triangular outline 
of the moths when at rest, which is suggestive of the Greek letter 
Delta (4). 


DESCRIPTION OF THE SPECIES. 


The moth, like many others of this group, is remarkable by reason 
of its palpi, which are long and prominent, projecting in front like a 
snout, hence the name snout-moth. The hind wings are unusually 
broad. The color is variable, dull, sometimes very dark brown, form- 


FIG. 26.—Plathypena scabra; a, moth in natural position with wings folded; b, same with wings 
expanded; c, egg from above; d, egg from side; ¢, penultimate stage of larva from above; /, same 
from side; g, head of larva—all enlarged; c, d, g, greatly enlarged (original). 


ing the ground color varied with black and gray, arranged in the aver- 
age specimen ina pattern similar to that figured in the illustration at d. 
A rather unusually light-colored individual was selected as the type 
for illustration in order to show the markings in full, since in dark 
' specimens the pattern is often very obscure. A moth at rest is shown 
at a. The moth is also variable as regards size, the average expanse 
being about an inch and a quarter, although a series of specimens 
before the writer shows a still greater expanse, and one individual 
measures but five-eighths of an inch. 

A technical diagnosis of the genus, detailed specific description, and 
bibliography is given by Dr. John B. Smith in his revision of the 
Deltoid moths (Bul. U. S. Nat. Museum, No. 48, 1895, pp. 110-112). 
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The distribution there accorded is ‘* Nova Scotia to Texas, east of the 
Rocky Mountains.” In the national collection is a series showing a 
distribution from Maine to Texas. The localities here represented and 
recorded include the following: 

Maine; Williamstown, Mass. (Grote); Syracuse and New York, N. Y.; Boonton, 
N. J., ‘‘“common everywhere’? (Smith); Marshall Hall, Cabin John, Md.; Wash- 
ington, D. C.; Virginia; St. Louis, Kirkwood, Mo.; Dayton, Ohio (Pilate); Hearne, 
Dallas, and elsewhere in Texas; Canton, Kirkwood, Miss.; Macon, Ga.; Alabama; 
Woodstock, Ill.; Volga, 8. Dak., and St. Anthony Park, Minn. (Lugger). Also 
recorded from Winnipeg, Manitoba (Hanham). 

About the city of Washington this moth is one of our latest as well 
as earliest species, individuals occurring commonly in the writer’s 
experience about the Department buildings throughout the month of 
November, as late as the first week of December, and as early as March 
10. An individual was observed flying on the last-mentioned date in 
a temperature of 51° F., which is about the lowest temperature in 
which any save exceptional species of insects are active. 

This insect is a near relative of the hop-vine snout moth, //ypena 
humuli Harr., with which species it was, in fact, confused at an 
earlier date. 

The green clover worm has not attracted much attention on account 
of its injuries, but good accounts of it have been given by Prof. J. H. 
Comstock in the Annual Report of this Department for 1879 (p. 252), 
and in the Canadian Entomologist for July, 1881 (Vol. XIII, pp. 
137-188), the latter paper by Mr. Coquillett, of this Division. 


THE EARLIER STAGES OF THE INSECT, 


The egg.—Owing to an oversight, the eggs obtained hatched before 
a detailed description could be made. Dorsal and side views of the 
egg, however, were drawn, and are illustrated herewith (fig. 26, c, d), 
and from these a general idea of the egg as it looks under the micro- 
scope may be had. From memory the writer believes that the eggs 
were light gray in color and at least tinged with iridescence. Follow- 
ing are Mr. Coquillett’s descriptions of the egg and of the first stage 
of the larva: 

Globular, slightly flattened above, more decidedly so below; lower half smooth; 
upper half deeply grooved, the interspaces rounded and marked with fine transverse 
impressed lines; whitish, the upper half sometimes dotted with dark brown; trans- 
verse diameter, nearly 0.5™™. 

Measurements showed an average diameter of 0.5™™" and a height of 
O235\"™. 

THE LARVA. 


First stage.—** Body green; a dark-colored dorsal line, edged each 
side with a whitish line; a white subdorsal and stigmatal line; pilifer- 
ous spots green, each bearing a short black hair; venter green; head 
polished green; body provided with only 14 legs.” 
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In coloration this larva is somewhat suggestive of the common cab- 
bage looper, Plusia brassicw, but the form is entirely different, being 
much more slender, and although the species is a semi-looper, like 
Plusia, it is not at all likely to be mistaken for it. The colors are 
somewhat more constant in the several stages. 

The penultimate stage.—The larva is green and white striped and is 
in its most characteristic colors when in the penultimate stage, as it 
loses its striation to a great extent when fully matured. The general 
color is clear, translucent green, a shade or two lighter than the bean 
or other leguminous leaves upon which it feeds. It is about ten times 
as long as wide and segmentation is well marked. The body is widest 
about the middle, tapering gradually toward each end, the last seg- 
ments being narrowest. The head is of nearly the same color as the 
remainder of the body, a trifle lighter and less translucent. The entire 
surface of the body is sparsely covered with long, slender, and dark 
brown hairs. The piliferous warts project above the surface, but 
otherwise are not noticeable, being only a very little lighter in color 
than the body. The thoracic legs are nearly the same color as the 
head. There are only three abdominal prolegs. The anal prolegs are 
long and project well beyond the last segment. There are six white 
stripes on the body which alternate with the general green. ‘The green 
dorsal line is a little darker than the general color of the body. There 
isa rather wide white stripe each side, a latero-dorsal narrow white 
stripe, and a broader irregular lateral stripe. The prothoracic folds 
are strongly pronounced, particularly in the region of the legs; abdom- 
inal folds also pronounced. Length in this stage, 20-24"™; width, 
2.4—-2.6™™. 

Last larval stage.—After the final molt the larva usually loses to a 
ereat extent its striated appearance and becomes nearly uniform paler 
green in color as well as stouter. The head is sometimes somewhat 
yellowish, as is also the first thoracic segment. The ocelli are twelve 
in number, arranged at the sides of the head in three pairs, as shown 
in the figure at ¢. 

In alcohol the larva loses its color, being apt to be turned black 
unless first boiled in water, when the color becomes milk white. Length 
at maturity, 25-29""; width, 2.8-3.0". 

The penultimate stage is figured because, as previously remarked, 
more characteristic of the species than the final stage before pupation. 


THE PUPA AND COCOON. 

The pupa.—The pupa is dark brown and presents rather good char- 
acters for description, but as this stage has previously been very fully 
characterized by Professor Comstock, in the report of this Depart- 
ment for 1879, his description is transcribed: 

Rather stout, dark mahogany-brown. Wing sheaths and crural sheaths closely 
soldered; the former obtuse}y rounded and extending to the end of the fifth abdom- 
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inal segment. Stigmatal tubercles quite prominent. Dorsum of thorax and wing 
sheaths coarsely shagreened. Dorsum of abdominal segments rather sparsely punc- 
tulate, the posterior border of each segment being smooth and shining. The anal 
segment at its end is furnished with several (a variable number) minute recurved 
hook-like spines. From the apex of the head to the end of the fourth abdominal 
segment the dorsum is elevated into a slight ridge, more marked upon the abdominal 
segments than upon the thorax. 

The cocoon.—Pupation takes place in a somewhat loosely built but 
not fragile cocoon, those in our rearing jars having been formed just 
upon the surface of the earth. They were constructed of particles of 
sand joined together with silken web and sometimes attached to leaves 
or other vegetation. They are of elliptical form and somewhat 
depressed, and measure on the outside about 16-18"™" in length and 
6-S™™" in width. 


ON THE HABITS OF THE SPECIES. 


In the report of this Department for 1879 (doc. cect.) attention was 
ealled to the abundance of the moth in the District of Columbia dur- 
ing the winter of 1878-79, when it was seen flying on warm, sunshiny 
days, while in the summer months larve were found so commonly 
upon clover ‘**that in many places one could hardly make a swing of 
the beating net through the grass without capturing one or more of 
them.” 

The larve are quite active, and when disturbed either let them- 
selves down to the ground by means of their webs or quickly throw 
themselves from their food plant after the manner of many Pyralids. 
The moth is a rapid flyer, and although normally keeping in conceal- 
ment, is often found exposed on the walls of buildings and on windows 
in conspicuous places. 

In Bulletin No. 3 of the United States Entomological Commission 
the late Professor Riley hada short note on this species, in which he 
stated that the larva fed also on locust (Robinia), and gives some notes 
on the hibernation of the species. He says that this insect hibernates 
in the imago state all over the country and that in Missouri the chrys- 
alis may also be found under bark in winter, but the habit of hiber- 
nating in the pupa state is doubtless exceptional. The late and early 
appearance of the moth would alone indicate that hibernation takes 
place in the mature condition. 

Mr. Coquillett traced the insect through its various stages at Wood- 
stock, Ill. The periods were as follows: From the deposition of the 
eggs to hatching, four to six days; larval stage, twenty-five days, and 
from the spinning of the cocoon to the issuance of the imago, twelve 
to fourteen days. Only two larval molts were observed, the time 
from hatching to the first molt being seventeen days, from the first to 
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the second molt, three days, and from the seeond molt to the time of 
spinning the cocoon, five days. Several individuals which were kept 
under observation at this office transformed from larva to pupa June 
23, and the moths issued July 4, having passed eleven days as pupe. 

Of the number of generations of this insect Mr. Coquillett observed 
that there appeared to be only two broods in a season in the latitude of 
Woodstock, Il., and Professor Comstock says there are certainly two 
and perhaps three broods in a season. The writer’s observations tend 
to show at least three well-marked generations for the latitude of the 
District of Columbia, the first generation usually developing toward 
the middle of June, the second early in August, and the third some- 
time late in September or early in October. There is no indication, 
however, of any great regularity in the issuance of the moths, since 
they have been reared at this office at various other times than on the 
dates mentioned. The exact dates of issuance as recorded in our 
notes are: June 12, 15, 23, 28, 30; July 4, 8, 16; August 1; Septem- 
ber 2, 5, 6, 25, 27. Moths, however, as has previously been observed, 
have been found much earlier than in June and as late as the first week 
of December, at the latter time on several occasions, once when the 
thermometer registered 54° F. 


NATURAL ENEMIES. 


A single parasite was reared from the pupa of this moth September 
7, 1899, and on being referred to Mr. Coquillett was identified as the 
the Tachinid fly, Hvorista blanda O.-S. This is the second natural 
enemy that has been observed for the green clover worm to the 
writer’s knowledge, the other being a chalcis fly, Huplectrus platyhy- 
penw How. The latter was reared at this office July 11, 1882, from 
material from the District of Columbia. (Bul. 5,0. s., Div. Ent., p. 27.) 


REMEDIAL TREATMENT. 


Ordinarily the injuries effected by this clover worm are so inconsid- 
erable as not to necessitate any special line of treatment. It is one of 
several common insects that live habitually on clover and which by 
their combined effort devour a certain proportion of the clover crop 
over considerable territory. Poisons are, of course, out of the ques- 
tion in pasture land and in clover fields, and on lawns there can be 
little doubt that frequent mowing with a lawn mower is all that is 
necessary, since the insects live freely exposed upon their food plants 
during the day and do not resort to the plans of concealment resorted 
to by cutworms. 
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REPORT UPON AN INVESTIGATION OF THE CODLING MOTH IN 
IDAHO IN 1900. 


By C. B. Srapson, Special Agent. 


The following report upon an investigation of the codling moth in 
the State of Idaho is made in accordance with the authorization of the 
Secretary of Agriculture and instructions of the Chief of the Division 
of Entomology: 

Upon reaching Boise I commenced a rigid inspection of orchards in 
that vicinity and observed the methods used against the codling moth 
and the results of the same. Numerous cages were started for the 
study of the life history of the insect. Many articles upon the insect 
were published in the leading papers. These articles were copied by 
many of the other papers. [I also had a long conference with Professor 
Aldrich, of the University of Idaho, in regard to the codling moth. 


IXTENT OF INJURY. 


Indications of damage caused by the codling moth were seen in every 
section of the State which I visited where apples are grown. By 
report the moth is present all over the State, except in a few limited 
loealities in the mountains. From my observation I can say without 
hesitation that 50 per cent of the apple crop of Idaho was destroyed 
by the codling moth in 1900. According to Mr. McPherson the loss 
in South Idaho and about Lewiston for the districts was 75 per cent. 

In untreated orchards I found a great difference in the percentage 
of apples infested. The injury ranged from 40 per cent to practically 
100 per cent. In the small orchards and isolated trees in and about 
Boise I have been unable to find sound apples. In the larger untreated 
orchards which were more or less isolated I found in some cases the 
injury to be about 40 per cent. In orchards well cared for I estimated 
the injuries to vary from 50 to 0.05 per cent. In an orchard near 
Boise that was sprayed and banded 44+ per cent of the crop was lost. 
In an orchard in the city of Boise that was sprayed with arsenites and 
banded the loss was enly about 20 per cent. In more or less isolated 
orchards that were well cared for the loss was found to be 10 per cent 
or less. In another orchard near Boise which had been sprayed three 
times and not banded the injury was from 90 to 98 per cent. In an 
orchard that was only banded the injury was about 60 per cent. 

About Lewiston the damage is somewhat less than in the southern 
part. Professor Aldrich tells me that in 1899 the damage about Mos- 
cow was 21 per cent, while in 1900 it was only about 10 per cent. 

I have been informed that in small valleys in the mountains the 
codling moth does no damage. The apple is the fruit most infested. 
The injury to pears never exceeds 0.05 to 10 per cent. 
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INTRODUCTION AND SPREAD. 


Previous to 1887 the codling moth was practically unknown in Idaho. 
It was probably present before that time, but did so little damage as 
not to be noticed. 

The moth, without doubt, came into the northern part by way of 
the Snake River valley. Its spread was rapid, although checked to 
some extent by the long distance between orchards. 

The sections which are shipping apples are now all infested. The 
newer orchards are more or less free, but can not remain so very long. 


RESISTANCE OF VARIETIES OF APPLES. 


Only scattered observations were made upon this point, and these . 
do not harmonize. Some of the varieties in order of damage sustained 
are: 

5. Wealthy (very variable). 
. Ben Davis (very variable). 


1. Pewaukee (always badly infested). 
2. Spitzenberg. 
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3. Bell-flower. 8. Rome Beauty (very variable). 
4, King. 9. Winesap (but little infested). 


5. Gravenstein. 


This question is believed to be one of the most important to be 
worked out, as in general the apples given as least infested are the 
best varieties for Idaho. 


LIFE HISTORY OF THE CODLING MOTH. 


The life history, as usually given, applies to the insect in a climate 
far different from that of Idaho. On this account I spent much time 
in studying the variations in the life history. 


THE EGG. 


The eggs can be found at any time during the summer, either upon 
the fruit or upon the upper surface of the leaves. In certain orchards 
the eggs were almost entirely upon the fruits; in orchards near by 
they were nearly all upon the leaves. Where apples were in abun- 
dance there were but few eggs upon the leaves, and where apples were 
scarce but few eggs were upon them. Apparently the moth prefers 
to lay its eggs upon the fruits. 

The eggs have been described as whitish, milk-like spots. They 
adhere closely to the fruit or leaf, and even after hatching the shells 
remain for a long time. When the egg is a few days old a brown 
horseshoe-shaped band appears indicating the embryonic larva. 


THE LARVA. 


In from about six to eight days the larva is fully formed and breaks 
its way out of the shell. Most of them come out through the top 
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covers, but a few were observed in which the larve had evidently 
emerged through the lower surface of the egg next to the apple or 
leaf. 

The young caterpillar is about one-fifteenth of an inch in length and 
is of a semitransparent color. Later dark spots appear around the 
hairs. 

The young larva, after piercing the apple, makes a shallow mine just 
under the skin. Those mines can be easily recognized by the lighter 
color and by the excrement which is cast out. The larvee which enter 
by the calyx also take their first few meals at the surface inside the 
calyx. 

By counting infested apples on unsprayed trees I found that about 
60 per cent of the larvee of the first brood enter at the calyx end. In 
the later broods but few enter the calyx end. Many enter the apple 
at the stem end. The greater proportion, probably from 60 to 90 per 
cent, enter at any part of the apple. A favorite place of entrance is 
at the point where two apples touch. 

At the end of four or five days the larva commences to tunnel toward 
the central portion of the fruit. Arriving at the center, if commences 
irregular excavations, which are filled with excrement, the pellets of 
which are bound together by silken threads. Surrounded by abun- 
dance of food, the insect grows rapidly, casting its skin many times. 
I have found many burrows, sometimes as large in diameter as a full- 
grown larva, in which no larva could be found; therefore, I believe 
that sometimes a larva feeds upon more than one fruit. In all cases 
where fruits touch they are both injured. 

While one larva usually feeds upon but one apple, one apple may 
be eaten by many larve. A large apple was found with thirteen worm- 
holes in it, both entrance and exit, and three larvee, of various sizes, 
were feeding inside. It is a very common occurrence to find from 
four to seven holes in an apple. These different holes are usually 
made by insects of different broods. In a badly infested orchard the 
earlier apples rarely had but one insect in each, A larval stage of 
from ten to fourteen days, as given by Professor Card, is, I think, 
nearly correct for Idaho. 

On summer apples and most fall apples the effect of the insect is to 
cause the fruit to ripen prematurely. In the winter varieties, such as 
Winesap, there is no such ripening. In all cases the fruit is rendered 
unfit for use. When full grown the larva eats its way to the surface of 
theapple. The burrowis kept closed by frass, or sometimes an adjacent 
leaf is fastened over the hole with silk. Having eaten as much as it 
desires, the larva pushes out the plug or removes the leaf and leaves 
the fruit. In warm weather the worms, for the greater part, leave 
the apples in the early evening or night; but in colder weather, in the 
fall, they emerge during the heat of the day. Ii the fruit has fallen, 
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the larva crawls along the ground to a suitable place to spin its cocoon. 
The worms have two modes of leaving the fruit left on the tree. In 
some cases they drop by a silken thread to the ground. I have 
observed a larva hanging by this thread, and many threads were 
noted hanging from the trees. The other, and by far the most com- 
mon method, is for the larve to crawl from the apple to a branch and 
thence to the tree trunk. 

Upon leaving the apple the worm immediately seeks a place to spin 
the cocoon. The place usually selected is under rough, loose bark, in 
cracks or holes of the tree trunk and larger branches, under bands or 
cloths on the trees—in fact, in almost any dark and tight crack or 
crevice. Many cocoons are placed in cracks in the ground about the 
trees. This is especially true when the tree trunk is smooth and offers 
no suitable place. Mr. McPherson says he has found many cocoons 
among the clods of earth in his orchard. Where apples are stored the 
worms spin the cocoons in the boxes. I have found as many as 30 
cocoons in and on one box. Having found a satisfactory place, the 
larva spins a tough silken case. In the earlier broods the laryee spin 
their cocoons quite thin and do not usually use other substances than 
silk in its construction. The last brood, however, build their cocoons 
thicker, and in nearly all cases hollow out a space for it and mix little 
pieces of wood, bark, or cloth with the silk. The larva is bent in a 
U shape in the cocoon. If the cocoon be destroyed the larva will set 
to work immediately to build another or to repair the old one if it be 
not completely destroyed. 


THE PUPA. 


In from three to five days in the summer the larva sheds its skin 
and becomes a pupa. In the last brood the larval stage lasts until the 
spring. The pupa is at first of a yellowish color, later becoming 
brown and then bronze in color. When the moth is ready to emerge, 
the pupa, aided by the spines on the abdominal segments, wriggles 
itself out of the cocoon. I have seen empty cases that had been thrust 
through heavy muslin which was used as a band. 

These empty pupal skins are familiar objects upon infested trees. 
I once counted 50 of them protruding from under pieces of bark in a 
space of about a square foot. During the warmer season the time 
spent in the cocoon is from seven to eleven days. Many stay in a 
longer, but very few a shorter time. The last brood stay in the 
cocoon about eight months. 


THE MOTH. 
The moth is a beautiful insect whose front wings have the color of 


brown watered silk, and are crossed by lines of brown and gray 
scales. Near the tip of the wing is a large bronze-colored spot. The 
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hind wings, which are concealed during repose, are of a grayish color. 
The moth varies in size, but never expands over an inch. The sexes 
may be distinguished readily by the fact that the male has a streak of 
black hairs upon the upper surface of each hind wing, and upon the 
under surface of each front wing there is a long blackish spot. The 
relative number of moths of each sex is about equal. 

The adult insect is rarely seen. In my summer’s experience I saw 
but five. These were either resting upon the upper surface of the 
leaves or were upon the trunk or larger branches. In warm evenings 
by aid of a light I saw a few flying about the trees. 

It has long been known that the moth is not attracted to lights. I 
examined the contents of an electric (arc) light globe that was near 
an orchard without finding a single codling moth. 

It has been observed that the moths feed upon apple juice, and I 
saw two moths feeding upon the juice of a crushed apple. Mr. Hitt 
tells me that it is common to find moths about cider mills. I have 
found that if a piece of ripe apple was placed in a cage of moths they 
would lay eggs in abundance, and if the apple was wanting no eggs or 
but few would be laid. 


After laying eggs, the moths in cages die in about a week. 


BROODS OF THE INSECT. 


In view of the fact of the differences of altitude and temperature in 
Idaho there must exist a corresponding difference in the number of 
broods. 

Upon arriving at Boise I immediately commenced work upon this 
question. I found the overlapping of broods to be something remark- 
able. From July 7 to about September 1, I could find in the field all 
stages of the insect except the adult, which I could breed in cages. 
From my band records I tind that while I kept records there were 
larvee going under bands every day. 

From the records of Mr. Ayers, of Boise (as given later), we find 
that in 1897 there were larve under the bands every week from June 
25 to October 19. To sum up, we have every day throughout the 
season moths emerging and laying eggs, eggs hatching, larvee coming 
out of apples and spinning cocoons, and larvee changing to pupe. 

This fact, together with the number of broods, certainly explains 
why the codling moth is more injurious in the West than in the East. 
The overlapping can be accounted for by the difference in rate of 
development of different individual insects. 

Professor Aldrich says that in the section from Boise to Weiser and 
ahout Lewiston there are at least three broods, and part of a fourth 
was observed at Boise this year (1899). Mr. McPherson, Mr. Hitt, 
and others have arrived at the same conclusion. Without doubt the 
number of broods in Fremont and Bingham counties is less. 
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The following are the band records taken by Mr. Ayers, of Boise 
r > . - 9 
on 140 trees: 


| | 
| 


Date. Larve. Date. | Larve. 
1897 1898 
WU; 2 see ae eee oes ses eee ere 862: | DULY Sas 352, e eee ee eee ete 1,118 
UV eo os crue ese teen cease ne se 704} July 1S se coca Lome nee ae Se eee 2, 201 
TUG). bo ae ae Gees Ae et eae eres 1268. ||) Duly 20. cS ee See ee eee 2,020 
TNT sO aan been eaane meee Cee oie tee is FAO ULAR G.kte cect oes teen oe eee eee 1, 454 
PATI ORISE Orava). Cee enn oOo eee Ae ea) A 6060) Aligust 845425755 See eee | 1, 335 
AVIOUSGO ee once Sone ee eee ees en eee 290°) August’ shies ask cnet oe ee eee 963 
PANTO al ot <= Se. A ee SS ol 580°) AMsustl?. cn6 522528 ee a eee 1, 095 
PMUIPUSE DO a2 sche hssodecec ces Hee ctecees 684:)/"-Ausust: 24. coasts ce eee ee ee eereiners 1,125 
September’2)= ss... cee see men aee eee 1526 || AUSUSE Slens. sSoe-ccteec ee Seater 1, 580 
peplemperil0 Sse acc seers. acecses esses 1;.227° || September 7.22.2. -+2----02seee = sees 1,474 
September Qian. so. -kem a see es aaa eee 1340. September 4 Sse eee eee eee 1,860 
OY #6) 012) oz! RR ERS Ary ae a aS ee | 15642: September 22.222 ss2scc+-ees ss eeee eco 1, 965 
OctanerilO sss eee SAR be. ees eS 778,40 etober ty-s - ea none ey eee a eee 1, 594 
October 10.2 se eee ee ee eee 1,125 


From the preceding record, from that of Professor Aldrich taken 
at Juliaetta for 1899, and my own I have compiled the following table: 
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1897. | 1898. 1899. | 1900. 
First brood: 
WIGS CTT SVC eee a eS, ie Re ae Re aes See Pe ee ae ered A eo July 16} July 13] July 21 | July 15 
Minimum Aug. 9! Aug. 10 | Aug. 12 | Aug. 4 


Second brood: 
Maximum 
Minimum 

Third brood: 
Maximum 
Minimum 


Sept. 2} Aug. 31 | Aug. 18 E 
Sept. 10 | Sept. 7} Sept. 4 | Sept. 1 


From these records, supplemented “by observation, I can say defi- 
nitely that there are three broods in the vicinity of Boise and the 
greater part of the Snake River Valley. 

As to the fourth brood I have no definite information at hand. 
Several growers have told me that such a brood exists in part. At 
certain periods it is impossible to say to what brood an insect belongs. 
For instance, in 1900, if a half-grown larva was found October 4 it 
would be impossible to know whether it was the last of the third or 
the first of the fourth. When cold weather comes, there are many 
interesting things apparent. If young larve are left in the fruit on 
the ground, they evidently perish. However, if taken inside with the 
apples they complete their development, and if not destroyed insure 
a crop of moths for the following spring. About September 5 it was 
noticed that the larve that had spun cocoons were not transforming, 
but were still in the larval state, while those that had reached the pupa 
state were developing slowly and the moths were emerging. It is 
evident that it takes a higher temperature for the insect to change from 
larva to pupa than from pupa to adult. 


MOISTURE AND HEAT. 


There is great mortality among the eggs of this insect, the direct 
rays of the hot sun causing many to die. 
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In the larval state, especially when young, there are many agencies 
of destruction. I have found tips of branches upon which there was 
but one apple. On the leaves near by there were half a dozen or so 
hatched eggs, while the apple contained but one larva. In one case 
the larva would have to crawl 20 feet before finding another. 

In many cases I have found from 2 to 5 per cent of the larvee dead 
before they had commenced their burrow to the center of the apple 
from the mine under the skin. There are very few deaths due to 
fungus and bacteria in the dry regions. In many orchards, in which 
the water used for irrigation is allowed to stand around the trees, the 
number of infested apples is markedly less than in those orchards 
where irrigation is by ditches. Also one does not, as a general rule, 
find as many worms under bands on trees which have moist soil around 
them. The only explanation is that the moisture either causes the 
insects to die by fungus or bacteria or to seek other places. This 
method, however, has grave disadvantages, since water allowed to 
stand in an orchard will sooner or later kill the trees. 


NATURAL ENEMIES. 


I did not succeed in finding any ege parasites, but within a pupa I 
found a pupa of a Hymenopter, but the parasite did not emerge. It 
was probably a Pimpla. In another pupa I found many pupe of a 
Hymenopterous parasite, which died before becoming adults. Under 
some neglected bands were many silk cocoons, probably of a Micro- 
gaster. Although they are not bred directly from the codling moth, 
there is little doubt but that they were from this insect. 

While the larvee are seeking a place to spin their cocoons in the day- 
time they are preyed upon by ants and birds. Chickens allowed in an 
orchard eat them readily. Often I have observed holes in the bark, 
and upon examination found empty cocoons. One evening several 
bats were noticed flying around apple trees and probably feeding upon 
the moths. 

PREVENTIVE MEASURES. 


One of the best preventive measures is following the best general 
horticultural practices, such as keeping the soil and trees in healthy 
and vigorous condition and keeping a close watch upon the orchard. 
If a fruit grower has no codling moths, what should he do to keep them 
out of his orchard? The answer to this question has many conditions, 
according to location, etc. To begin with, every grower should be 
familiar with this insect in all its stages and know how to fight it. An 
orchard may be at such an altitude that the insect will not be a very 
serious pest. In this case the small amount of damage should not be 
an excuse for letting it alone. It would be well for the grower to be 
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‘areful in importing infested fruit and to exercise utmost vigilance in 
watching his orchard, and if the moth is found, even in small numbers, 
no expense should be spared to apply the proper remedies immediately. 

One source of trouble that can be easily prevented is that when 
apples are stored the larvee emerge from the fruit, spin their cocoons, 
and upon emerging as moths in the spring find easy access to the 
orchard. I studied two well-marked cases of this. At Mr. C. M. 
Kiggins’s place apples were stored in boxes in a cellar in which there 
were open ventilators. 1 found many old cocoons in and about these 
boxes. When I examined the orchard, July 9, 1 found that in trees 
nearest the cellar practically all of the apples were infested. In going 
from the cellar a noticeable decrease was observed, and in the farthest 
part of the orchard the injury varied from 5 to 30 per cent. 

In the well-kept orchard of Hon. Edgar Wilson a similar case was 
noted. 

These examples show the futility of remedial measures when the 
moth has such a start. Both Mr. Wilson and Mr. Kiggins are fully 
aware of the above conditions, and will take care that the mistake is 
not repeated. Either of three courses may be followed: To fumigate 
with hydroeyanic-acid gas while the larve are in the cocoon, to put 
screens over the holes and crush the moths which will collect there, or 
not to store apples on the premises. 

In some cases picking the apples early to escape a coming brood is 
practiced. If the stages of the insect are known, this method may be 
followed to much advantage. 


REMEDIAL MEASURES. 


In fighting this insect, the first question which presents itself is, In 
what stage can the insect be best attacked, and how 4 

As a result of the work that has been done on this subject, it is 
evident that any mixture strong enough to kill the egg will injure the 
tree. Further work may throw more light upon this subject. 

At two periods in this stage the insect is vulnerable, and a larger 
portion of the remedies have been used at these periods. 

After the young larve hatch, and before they have started for the 
center of the apple, has long been recognized as the most vulnerable 
point in the life of the insect. At this point spraying is a most effect- 
ive remedial measure. 

I found that in Idaho the fruit growers were using many kinds of 
spraying solutions, with varying results. 

A patent mixture, composed largely of carbolic acid and coal tar, 
was used by some. This solution is supposed to have a smell about it 
that keeps the moth away from the tree: The best I have seen this 
solution do, with several excellent sprayings, in conjunction with 
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bands, was to save 66 per cent. I believe that what good effects are 
derived from its use are due to the killing of the larvee with which it 
comes in contact. 

Many of the fruit growers add an arsenite, usually paris green, to 
the carbolic compound. The results with this mixture are varying. 

Others have used kerosene in the arsenite, thereby combining both 
poisonous and contact insecticide. One grower used this combination, 
and writes me that ‘‘There are no wormy apples to be seen” (in his 
orchard), and that the apples injured by all sources amounted to only 
about 0.05 per cent. ; 

One difficulty is to get these different ingredients to mix well. 
Whale-oil soap is used in combination with other sprays, but I could 
find no facts in regard to the results of its use. 

By far the greater number of growers use the arsenites alone. Of 
these arsenites paris green is most used, in the proportion of | pound 
to 150 gallons of water, with from 1 to 2 pounds of freshly slacked 
lime. 

Some are using London purple, and others are using a combination 
of London purple and Paris green. Many are using the lime arsenite 
with excellent results. In fact, wherever any of these arsenites are 
used intelligently good results are obtained. Some growers are preju- 
diced against certain of these arsenites on account of past experiences. 
In two cases I found that they had omitted the lime, and in both cases 
the foliage was badly burned. 

My observations have led me to believe that it makes but little 
difference as to what arsenite is used if it is well applied. 

The pumps used were of all kinds and conditions. Many were using 
nozzles which threw a coarse spray that was valueless. The time for 
spraying is as essential as the spraying itself, and I wish that this fact 
could be impressed strongly upon the Idaho growers. One can readily 
see that a spray would do but little good when the maximum of a 
brood are going under bands, compared with a spray when the maxi- 
mum of a brood is hatching from the egg. To secure good results, 
there must be at least three sprayings, and in extremely bad cases it 
is advisable to spray six times. 

If the injury for the previous season was large, I would advise two 
sprayings while the calyx remained open—one immediately after the 
blossoms have fallen and the other in about a week. If, however, the 
injury of the previous season was not large, one spraying from five 
days to a week after the blossoms have fallen may answer. In all 
cases I would advise the two spraying, as it is well to be on the safe 
side. 

It has become one of the best known principles of spraying that 
these first sprayings are the most eflicient, and if it were not for the 
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number of broods in Idaho these, I believe, would be sufficient. In 
short, the poison is put in the calyx cup, the calyx closes, and when 
the young larva enters the calyx for its first few meals it gets some of 
the poison. As about 60 per cent enter the apple at this point, it is 
very plain that this is the golden opportunity in this combat. Pro- 
fessor Aldrich finds that 41 per cent of the larve entering the calyx 
end are destroyed by this spraying. An insect killed at this time not 
only saves the apple, but reduces the number of the insects of the fol- 
lowing broods. By a single spraying and by banding one prominent 
grower tells me that he can save 50 per cent of his apples.. Many peo- 
ple spray only once a season, and consequently the effect of it is lost 
later in the season. If rains wash off these sprays, they should be 
repeated immediately. 

The next spraying should be done when the second brood is enter- 
ing the fruit. Find the maximum of the preceding brood going under 
the bands and spray about two weeks later. It would probably be 
better to spray a few days earlier than two weeks. A few growers 
watch the increase of spots on the apples. The later sprayings should 
be determined in the same way. Other sprayings can be done with 
profit on account of the overlapping of the broods, but they should 
be made as near the maximum of egg-hatching as possible. In fact, 
late in the season, when the maximum is poorly defined, a spray is 
more or less effective at any time. Last year (1900) the dates, accord- 
ing to band records, for most effective spraying were June 10-15, July 
27, and September 5. No inflexible rule can be given for these dates, 
as each grower has different conditions to meet and seasons vary. 
Each grower must determine these dates for himself. The greater 
number of the growers simply space off the season and spray at 
empirical times, without regard to the stage of the insect, and obtain, as 
a consequence, poor results. 

It has been clearly demonstrated that these few sprayings alone are 
not always sufficient to control the insect. If the sprayings were made 
every week, the insect could be controlled, but this is too expensive. 
The spray is effective only for a short time, and must be supplemented 
by something to take the insects which enter the fruit between the 
sprayings. Banding has been found to be the most efficient in this 
connection. 

Many people object to the use of arsenites for later sprayings on 
account of the liability of poisoning those who eat the fruit. 1 
believe this objection is not well taken, since one would have to eat an 
enormous quantity of apples to be affected. If a large amount of 
poison remained in the bollow around the stem of an apple, there 
might be some danger. I have eaten many apples upon which the 
spray still remained and experienced no evil effects. 

During the growing period of the larve the infested apple may be 
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picked from the trees and either destroyed or fed to stock. How- 
ever, this method is so expensive in a large orchard that it is out of 
the question. If the people in the towns who have apple trees more 
for shade rather than for the fruit would destroy their apples, they 
would aid materially in reducing the number of the pest, and would 
also eradicate a constant source of infection. 

In the ‘‘ windfalls” there is another chance to attack this insect. 
In many orchards the fallen apples literally cover the ground. Care- 
ful experiments have shown that about 50 per cent of these fallen 
apples contain larve. Many methods may be used in the destruction 
of the windfalls. The best and easiest applied is to allow hogs or 
sheep to run in an orchard. ‘These animals soon become very efficient 
and keep the ground well cleared. In doing this, the grower not only 
gets rid of the apples, but gets his stock fed upon food that would 
otherwise be wasted. Many growers collect the windfalls at stated 
intervals and make cider from them. At best, destruction of the wind- 
falls is only partially effective, but is a useful ally to other methods. 

When the larve are full grown, and after leaving the apples are 
seeking places to spin their cocoons, another point of attack is opened. 

Banding is simply providing a suitable place for the insect larva to 
spin its cocoon. Temporary bands of hay or paper, which are after- 
wards burned with the larve, may be used. Many kinds of perma- 
‘nent bands, which are not destroyed, have been devised, but a piece 
of cloth from + to 8 inches wide, folded lengthwise once, and placed 
around the trees is the most efficient and economical. These bands 
can be made of any thick dark-colored cloth, such as pieces of old 
clothing or burlap. Professor Aldrich recommends brown canton 
flannel. I have seen many bands that were but strips of white mus- 
lin, which did not offer an attractive place for the insect, and thus the 
purpose for which they were put on was defeated. 

It is highly essential that before a band is put on a tree all places 
where the larve could spin up be removed. The rough bark should 
be removed from the tree, and all holes should be filled with either 
mud or mortar. I have obtained twenty larvee from a hole in a tree. 
If a large cavity is present in the tree trunk, bands should be placed 
above and below. 

The bands should be placed around the trunk of the tree from about 
14 feet above the ground. If the tree is large it is best to put a band 
on each of the branches. Two bands on a tree trunk are better than 
one, but if the tree is well scraped and the holes filled I think one 
wide band is sufficient. A convenient and time-saving device for fas- 
tening the bands on, is to drive a small nail into the trunk and cut off 
the head diagonally so as to leave a sharp point. This nail is allowed 
to remain in the tree and the ends of the band are pushed over it. 

' Apparently banding is more efficient in Idaho than in any other 
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State where experiments have been made. The number of larve 
caught is sometimes very large. Professor Aldrich records that the 
highest number he found on one tree ina week was 110. Various per- 
sons have found from 50 to 190 on neglected trees. I once found 170 
under a neglected band anda cloth in the crotch of a large tree. In 
1898 Mr. Ayres obtained from 6 to 15 worms per tree throughout the 
season. In the maximum in September I have obtained on large trees 
as many as 20 to 30 daily for a few days, in a neglected orchard. Pro- 
fessor Aldrich records that in his banding experiments he obtained 215 
worms per tree for the season of 1899. 

The worms which have been collected under bands should be killed 
every seven days. Six days is recommended by some. I think six 
days too short as but few moths emerge before seven or eight days. 
However, the person who is killing the larve can easily tell whether 
the time is too long or too short. If old pupal skins are found the 
time is too long, and if no larvee have changed to pup the time is too 
short. 

Many ways of killing the larvee have been used, such as burning 
temporary bands, plunging the permanent bands in hot water, or run- 
ning them through a clothes wringer. I find that the majority of 
fruit growers in Idaho simply crush the worms, or cut them with a 
knife. Hon. Edgar Wilson suggested to me that, as the larvee used 
parts of the band and bark with which to build its cocoon poisoning 
the band might be an easy way of getting rid of many. I tried soak- 
ing the cloth bands in strong solution of paris green, but the results 
do not warrant any definite statement. I believe that this may kill 
some of the last spinning up, but doubt its efficiency of the earliest 
broods. However, it is worthy of further investigation. In want of 
better knowledge many people apply bands and do not kili the worms 
that have collected. In this way the insect is positively aided. Pro- 
fessor Gillette records a fact that must be noted. He finds that in the 
spring the larve leave their old cocoons and migrate to other places 
and spin new ones. This, however, is not always the case, but it 
should be guarded against. Bands should be applied about two weeks 
after the blossoms have fallen and be kept on for a week or so after 
all the fruit has been picked in the orchard. 

Banding should always be practiced in connection with spraying, 
and by this combination the best results are obtained. 

By spraying with Paris green and London purple and by banding, 
Mr. Tiner, of Boise, saved about 80 per cent of his apples. This 
orchard is in the city of Boise and has neglected orchards all around it. 

Hon. Edgar Wilson used arsenites and banding. In the part of the 
orchard not infested by the moths from the apple house the loss is 
estimated from 5 to 10 per cent. In Mr. Fremont Wood’s orchard the 
results were about the same. . 
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Dr. Ustick, of Boise, used lime arsenite and banding. I estimated 
his loss to be about LO per cent. I visited these last three orchards 
September 24, and searching diligently under the bands for larvee, 
found but 3 under 30 or 40 bands. Mr. C. Hinze, of Payette, 
used Paris green with either kerosene or coal tar. He writes me that 
his total loss from all causes amounted to only 0.05 per cent. 

For contrast it might be mentioned that in Mr. Tiner’s orchard I 
found only 8 larve under bands at 18 trees, while in a neglected 
orchard on the same date (September 21) I found 94 larve on 10 trees. 

In all these cases cited the orchards were sprayed from four to six 
times. 

The pupe may be killed with the larvee under the bands by crush- 
ing. They are so well protected that this is the only practicable way 
to reach them. 

I have previously stated how the adults in a storehouse may be 
killed. A few fruit growers have told me that they caught numerous 
adult codling moths by trap lanterns. All accurate work upon this 
point has shown that the moth is not attracted to ight, the noctuids 
and sphingids caught being mistaken for codling moths. 

One grower savs he catches many of the moths in buckets in which 
there is some cider or vinegar. This fruit grower is a man well 
informed upon the subject and I tried to experiment with his remedy, 
but was stopped by cold weather and sickness. 


SUMMARY AND CONCLUSIONS. 


1. The codling moth is more injurious in Idaho than in the East, on account of 
the number and the overlapping of broods. 

2. There are three broods and probably a part of a fourth, which overlap. 

3. The moth can not be controlled by natural means. 

4. It has been allowed to get a firm foothold in the State. 

5. By several sprayings with arsenites and by banding the injury may be reduced 
to from 5 to 20 per cent, depending upon locality. 

6. I firmly believe that if the recommendations given here be followed by all fruit 
growers in a locality for one or two years that the moth would cease to be a serious 
pest in that locality. 

I recommend that this work be carried on in Idaho and possibly Oregon and 
Washington another year, as I believe this last summer’s work has simply outlined 
the problem and discovered the points to be worked upon. 


INSECTS AND THE WEATHER DURING THE SEASON OF 1900. 


By F. H. Carrrenpen. 


Investigations begun during the season of 1899 upon the effects of 
atmospheric and other conditions, in causing an increase or decrease 
of injurious insects during that year, were continued during the sea- 
son of 1900 with some interesting results. 

The studies of this subject that have been made have not been as 
complete as could be desired, but asa result of observations conducted 
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during the two seasons the writer feels justified in drawing some gen- 
eral conclusions. Some of these were given expression in an earlier 
article on pages 51-64 of Bulletin No. 22 of the present series. 

It may be remembered that the writer hazarded an opinion as to the 
probabilities that certain Northern forms would continue in similar or 
increasing numbers as a result of protracted cool winter weather, that 
would tend to facilitate perfect hibernation, while certain Southern 
species, which were apparently nearly exterminated in and near the 
District of Columbia as a consequence of the cold winter of 1899-1900, 
would continue absent from this neighborhood, or at least that the 
crops habitually attacked by them would not be materially affected 
during the season of 1900. This prediction has been partially veri- 
fied. Such Northern species as came under observation as a result of 
their injurious abundance in 1899 continued to be injurious, as it was 
judged they would, but certain of the Southern forms became quite 
numerous. ‘True, only one of these was abundant early in the season, 
but the remainder, although extremely rare during the early part of 
the year, became sufficiently numerous to attract rather general 
attention late in the season. Prominent among these were the cab- 
bage Pionea, the single species which occurred here in numbers from 
early in the year; the cabbage looper, which was universally trouble- 
some to late cabbage and other cruciferous crops, and the boll worm, 
also destructive to late crops, such as corn and tomatoes. 

As to the cause of the early reappearance of the first-nentioned pest 
after such extreme scarcity, the only conclusion that can be reached 
is that this was due mainly, if not entirely, to the flight of the parent 
moths from the South either late m the season of 1899 or early in 1900, 
or at both times. It is to be regretted, however, that the mature 
insects were not detected at lights or in the field either in autumn or 
spring. The cabbage looper and boll worm owe their increase proba- 
bly to the same cause as the Pionea. 

It is now a matter of almost annual occurrence—and the season of 
1900 was no exception—for the cotton worm, Aletia argillacea, to fly 
from the cotton fields thousands of miles north of their natural habi- 
tat, a phenomenon well known to collectors, who frequently take this 
insect at electric lights in the Northern States, and even in Canada, 
although their larve have not been detected north of the cotton belt. 
This is only one of many species which have the same habit, and the 
writer believes that the invasion of the territory about the District of 
Columbia and northward by the three species above mentioned has 
been made in the same way, the moths having flown northward, at 
intervals perhaps, during the season with winds which favored this 
flight, from localities farther south not affected to the same extent by 
the atmospheric conditions of the winter of 1898-99. 

A circumstance which lends color to the above expressed hypothesis, 
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that the re-stocking of the District of Columbia and its vicinity with 
the apparently exhausted supply of Southern forms was due mainly to 
flights induced by favoring winds, consists in the observed fact that 
there was not a corresponding increase in the numbers of Southern 
insects of other orders, such as beetles and bugs, insects of feeble 
powers of flight as compared to moths. The harlequin cabbage bug 
is an example of the less active fliers, as this insect was only slightly 
more abundant than in the previous year, until very late in the season, 
when injury occurred in some few localities. 


ATMOSPHERIC CONDITIONS DURING THE WINTER OF 1899 AND 1900 
AND SUBSEQUENTLY. 


The condition of the weather at different periods of the year was 
noted whenever it was thought that these conditions might affect 
insect life. Some of the more important phenomena should be men- 
tioned as a preliminary to remarks that will be made upon the effects 
of these conditions in limiting the increase or decrease of the insects 
under observation. 

No change worthy of mention which it was thought might affect 
insects injuriously was noted during the winter months of 1899. 

December 24 the temperature reached a maximum of 53° F. dur- 
ing the afternoon, and at this time several species of insects were 
observed at work in addition to those which will later be mentioned 
as affecting crucifers. That night, however, there was a considerable 
fall in temperature, a little more than 10° lower than the average for 
the day before, the minimum reaching 24°. 

During the next eleven days there was a considerable drop in the 
temperature, snow falling and the ground remaining frozen until 
January 6 or 7. At one time during this period the temperature 
descended to 9°. On the 5th the days began to become warmer, but 
the night temperatures continued quite low, as low as 15° on the date 
mentioned. 

February 24, after a protracted rainy speil of several days’ duration, 
the storm cleared, the sun came out, and the thermometer reached a 
maximum in the afternoon of 58° F. Search among grasses showed 
several forms of insects in activity near the surface, and it is proba- 
ble that many other insects were brought to the surface from their 
hibernating quarters by these conditions. That night a severe wind- 
storm with rain and snow came on, the temperature dropping by 6 
a. m. of the following day to 9° F., remaining below the freezing 
point for three days, but again attaining a maximum on March 1, of 
59°, similar to that experienced after the storm just specified. For 
the next twelve days the temperature was scarcely below the freezing 
point for more than a degree or two at any time until March 11, when 
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another storm set in, the temperature falling to 11° F. the following 
day, but warming the day after that. 

March 15 a storm set in about 6 a.m. with considerable snow fall, 
most of which remained upon the grass for five or six days, and in 
protected localities as late as the 24th. March 25 still another storm 
occurred, during the night, with a lighter fall of snow, followed by 
finer and clearer weather beginning on the 27th. 

After the first of April winter weather had ceased and spring 
begun. 

It would be a matter of some difficulty to define the exact signifi- 
cance to be attached to the terms Northern forms and Southern forms 
used in the present and also the earlier article of the writer on the sub- 
ject under discussion. This matter can be best explained, perhaps, by 
repeating what has been said in the first article mentioned (p. 53), that 
the District of Columbia occupies a place, zoologically speaking, in 
the Carolinian faunal area nearly midway between its two extremes as 
at present defined; and the Northern forms are those which develop 
more freely north of this line; while the Southern attain their greatest 
increase south of this line. To be more explicit, however, it should 
be said that the injurious species which will be particularly mentioned 
as Southern are believed to be truly Austro-riparian, while the North- 
ern species belong rightfully to the Alleghanian area of the Transition 
zone and the most northern portions of the Carolinian or upper Austral 
life zone. At least two species which it was found impossible to assign 
to either the Northern or Southern group, the writer believes, as a 
result of his study during the past season, have now been correctly 
placed. They are the fall army worm, which must be considered a 
Southern form, although it finds its way quite far northward, and the 
destructive green pea louse, which rightfully belongs in the Northern 
group. 


OCCURRENCE OF SOUTHERN FORMS OF INJURIOUS SPECIES IN 1900. 


Of the fifteen injurious forms of insects mentioned by the writer 
(loc. cit., pp. 55, 56) as unusually scarce in the neighborhood of Wash- 
ington in 1899 several species showed marked increase. To mention 
these all in the same category, the list includes four species which were 
not seen at all the previous year. These are the pickle worm, Jar- 
garonia nitidalis, and the melon caterpillar, JZ, hyalinata, each of 
which was abundant in one locality only; the cabbage pionea, Pionea 
rimosalis, which was everywhere numerous and quite destructive 
throughout the season, and the garden webworm, Lowostege similalis, 
which was several times observed during September. 

The Northern leaf-footed plant-bug, Leptoglossus oppositus, was gen- 
erally abundant and was very troublesome, something never before 
noticed in this vicinity. 
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The horned squash bug, Anasa a/*migera, was similarly abundant, 
and so numerous in individuals on many plants examined that they 
often outnumbered the common squash bug, A. //7st7/s, ten to one. 

The corn-ear worm, //eliothis armiger, was moderately destructive 
early in the season, and appeared later in great numbers, and in some 
places did considerable injury to late corn, tomatoes, and similar crops 
which it is known to affect. 

The cabbage looper, Plusia brassice, returned to this vicinity, and 
although rare early in the season, became quite troublesome to late 
cabbage. It seems probable that it is held in check, at least partially, 
in ordinary seasons by parasites and other natural agencies than 
weather. 

It was not expected that the harlequin cabbage bug, J/urgantia has- 
trionica, would increase to any observable extent, and this was borne 
out by the season’s observations, the species as a whole hardly ranking 
as an injurious one to crucifers other than horse-radish and very late 
cabbage. To horse-radish it was troublesome chiefly owing to the fact 
that drought also affected this plant, the crops suffering from the com- 
bined effects of the two factors. 

One genius of Noctuide ¢lassed with the cutworms and of omniy- 
orous tendencies, Prodenia, was noticeably rare in 1899, but the fact 
was not mentioned in the writer’s consideration of the Southern forms 
affected by the severely cold weather of the preceding winter. Two 
species were very abundant during 1897 and 1898, the moths being 
commonly found at lights, but in 1899 they were extremely rare. In 
1900, however, one form, Prodenia ornithogalli (lineatella) was fre- 
quently observed in the larval state in the field and more abundant 
on tomatoes than other crops, while the moths were not rare at lights. 
The other species, P. commelina, could not be found. 

The Southern cabbage butterfly, Pieris protodice, which was scarcely 
seen at all, except in the mature condition in a few individuals during 
1899, was found to have accumulated in great numbers at St. Elmo, 
Va., in the late fall. Mr. Pratt, who reported the occurrence, staced 
that next after the cabbage looper this was the most abundant enemy 
of crucifers in this region, occurring in about equal numbers on kale 
and turnips from the latter days of September throughout the month 
of October. 

The Southern tobacco worm, Protoparce carolina, also increased in 
great numbers, particularly during the latter part of the season, and 
was destructive to late growing tomato plants. The Northern tobacco 
worm, or tomato worm, 7. celeuws, it should be remarked, was rare as 
in the previous year. The parasites of both of these, as usual, were 
very abundant. 

The fall army worm, Laphygmna frugiperda, although it extends its 
distribution quite far north at times must be included in the category 
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of Southern species, as it is ef comparatively recent Southern origin 
and appears to die out from year to year in its more northern range. 
It was destructive in a single locality, the District of Columbia, late in 
the season, but was not reported by any of our numerous correspond- 
ents in spite of our inquiry. 

Of other Southern forms the green June beetle, Adlorhina nitida; 
imbricated-snout beetle, Epicerus imbricatus; squash-vine borer, 
Melittia satyriniformis, and American locust, Schistocerca americana, 
showed a perceptible increase in numbers, while the tobacco flea-beetle, 
Epitrix parvula was not so abundant. The larger corn stalk-borer, 
Diatrwa saccharalis, was not seen at all. 

The opportunity is taken to observe that the eggplant flea-beetle, 
Epitrix fuscula, a Southern form, was extremely abundant during the 
year, but flea-beetles, as the writer has had occasion to observe in his 
earlier article, seem to be little affected by changes in weather. 

In earlier mention of the weather in relation to the destructive green 
pea louse, Vectarophora destructor, and its abundance during 1899, the 
writer was unable to specify as to whether it belonged to the northern 
or southern group of injurious insects. It would now seem that it is 
a northern species, as it is recorded from several Transition localities, 
notably in Wisconsin and in Nova Scotia and other portions of Canada, 
where it is destructive, and, so far as reports go, it has not found its 
way farther south than a northern strip of the lower austral in south- 
eastern Virginia, near the seacoast, and a single known locality in North 
Carolina. It therefore falls naturally into the list of species that have 
multiplied in the neighborhood of the District of Columbia as a result 
of the cold winters experienced during two years. Nothing else can 
explain its great abundance, as none of its natural enemies, if we except 
the fungous disease to which it is subject and which has not yet been 
made the subject of special study by anyone, either in its relation to 
the multiplication of this insect or otherwise, have had any appreci- 
able effect in reducing the numbers of this pest. 

Taking into consideration the occurrence of this species throughout 
the country, it would appear that it was at least as numerous in 1900 
as in 1899, as during the latter season it was destructive over the same 
and additional area, although not in all cases to the same extent as in 
1899. Its increase westward was noticeable. 


ABUNDANT NORTHERN FORMS IN 1900. 


Of the northern forms of insects which were present in great num- 
bers in 1899 nearly all of the thirteen species mentioned (loc. cit., pp. 
56, 57) occurred in the same numbers during 1900, There were severe 
outbreaks of the oblique-banded leaf-roller, Cacwcia rosaceana, not 
only about Washington, but in various other portions of the country 
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and as far south as Norfolk, Va., and the strawberry leaf-roller, Pho- 
wopter’s comptana, was extremely abundant here, in Maryland, and else- 
where. Three of the species previously mentioned, however—the 
rhubarb curculio, zebra caterpillar, and plum moth—were not con- 
spicuous by their numbers. 

The raspberry sawfly, Jlonophadnus rubi, was more abundant than 
in the previous year. 

The asparagus beetles, Créoceris asparagi and C. 12-punctata, were 
reported by Professor Johnson to have occasioned some injury in 
Maryland (Bul. 26, p. 81), but the hot spell of July and August prac- 
tically put a stop to injury, as neither beetles nor larve of either 
species were to be found in late August and early September, when the 
plants in several localities were examined. 


ON SPECIES COMMON TO NORTH AND SOUTH. 


It may be well to state briefly that of the seven species previously 
noticed (loc. cit., pp. 57,58) as having been particularly destructive 
about Washington in 1899, and which do not fall into either category 
of north or south as to origin, all were destructive during 1900, 
although in some instances in restricted localities. 

The bean leaf-beetle, Cerotoma trifurcata, did more harm in the East 
than was ever before known. ‘The same is true of the spinach flea- 
beetle, Disonycha xanthomelena. 

One of the most interesting of injurious occurrences of the year 
was that of the variegated cutworm Peridroma saucia, which was 
quite destructive over a wide extent of country, including the Pacific 
coast, where it was particularly troublesome in the State of Washing- 
ton. The infested territory comprised portions of Texas, Missouri, 
Kansas, Maryland, West Virginia, Illinois, Washington, Oregon, and 
northern California, and the crops infested included nearly everything 
that grows in gardens, as well as the foliage and fruit of various 
orchard trees. According to testimony of some of our correspondents, 
this insect assumed the habit of traveling in armies, but was not 
noticed on the march in the daytime. 


ON NATURAL ENEMIES AND THEIR INFLUENCE UPON INSECT REPRO- 
C DUCTION. 


The question of the effects of the abundance of natural enemies 
upon injurious insects is closely related to the effects of weather upon 
them, but the subject is much involved, and we know so little about it 
that it is difficult to generalize with much certainty. This much is 
certain, however, that conditions which would affect injuriously a 
parasite may not necessarily affect a host; predaceous insects are not 
necessarily affected by conditions which would be injurious to either 
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parasitic or to injurious species, while fungous and bacterial diseases 
are probably affected by still different conditions. 

Predaceous insects, as a rule, are more resistant to extremes of tem- 
perature, dryness, or humidity than all of the other insects and organ- 
isms which produce diseased conditions of insects. 

Parasitic insects were more abundant during the season of 1900 than 
during 1899, but this does not apply to all of the common species. 
For example, our two common parasites of the imported cabbage but- 
terfly, though numerous early in the season, were extremely rare toward 
the close of the year. 

Some experiments were made to test the prevalence of parasitic 
insects and fungi and their effects upon the reproduction of some 
common pests. 

The imported cabbage butterfly, Pieris rapw, was one of the species 
with which experiments were made. Larve were obtained from all 
available sources from the District of Columbia, Virginia, and Mary- 
land, and kept under the best possible conditions during September, 
1900, with the result that not a single parasite was reared, nor did this 
species appear to be affected by any disease at this time. Practically 
all of the larve used in experiments which were approaching maturity 
when placed in our rearing jars produced pup and eventually but- 
terflies. 

While on the subject of the parasites and other natural enemies of 
this cabbage pest it should be stated that Pteromalus puparum and 
Apanteles glomeratus made their appearance with the development of 
the first generation of butterflies, the Chalcidid appearing at the same 
time and the Braconid only a few days later. The wheel bug, Prioni- 
dus cristatus, does not appear to have been recorded as an enemy of 
this cabbage worm. It was many times.observed during the season of 
1900 devouring the ‘* worms.” One was observed June 23 which had 
killed a larva twice its size. 

Specimens of diseased larvee referred to the Division of Vegetable 
Physiology and Pathology in the fall of 1899 were found to be affected 
by a fungus of the genus Sporotrichum, identified by Mrs. Flora W. 
Patterson as probably S. globuliferum Speg. 

The cabbage looper, Plusia brassice.— Diseased and dead larvee of 
this species taken in the fall of 1899 and referred to Mrs. Flora W. 
Patterson, Assistant Pathologist, were identified as suffering from a 
fungus of the genus Entomophthora, doubtfully referred to sphwro- 
sperma Fres., a species which occurs upon many insects of different 
orders. 

During September, 1900, it was estimated that a little less than 20 
per cent of the larvee of this species present in the fields about the 
District of Columbia had yielded to the effects of disease usually just 
before attaining maturity. This disease was by no means general, and 
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was found to be more prevalent in Maryland near the District line 
than on the grounds of the Department of Agriculture. In the latter 
place there was practically no infection worth mentioning. 

A very large proportion of cabbage loopers was affected by the 
minute parasite Copidosoma truncatella, perhaps 15 per cent during 
September, but none in earlier and less in later months. 

Observing that the larvee were most extensively affected by the 
Copidosoma parasite in a region badly infected with rot, a number 
of healthy larve were placed on potted cabbage affected with both 
the bacterial and brown rots, while others were kept as a check lot 
on fresh cabbage, this experiment being made to ascertain if the rots 
were in any way responsible for the diseased condition of larve. 
Somewhat to the writer’s surprise it could not be seen that the 
larvee placed with the diseased plants were affected in any manner 
more than those kept under the same conditions with perfectly healthy 
plants. 

The melon plant-louse, Aphis gossypii Gloy., affords a striking 
example of the combined effects of weather and natural enemies in the 
control of an insect. Of all common plant-lice this species appears to 
be most susceptible to climatic variations. During moist or humid 
weather, particularly in the early portion of the summer, this species 
is capable of propagating in the greatest numbers, but during pro- 
tracted heated and dry spells, such as happened in the season of 1900, 
its natural enemies, which are legion, are able to keep it almost com- 
pletely under control. During the year it was not reported at this 
office as doing any damage save in one locality in Nebraska, a State in 
which it does as much if not more damage than any other in our 
country. In the year 1899 this species was very destructive in the 
States of Florida, Texas, Maryland, Virginia, Pennsylvania and 
Georgia, and District of Columbia, while the previous year it did dam- 
age over much the same territory, as well as in Kansas and Arkansas, 
injury being particularly pronounced in Texas. 


SOME GENERALIZATIONS. 


Asa result of study of the subject of the effects of weather upon 
different species of injurious insects which occur in the neighborhood 
of the District of Columbia during the past year in connection with 
observations that were made the previous year the writer has deduced 
certain conclusions. One of these, not expressed in the earlier article 
on this subject, is that there is a tendency on the part of introduced 
forms to develop one or more generations in their adopted habitat 
than native northern species produce, a habit which conduces very 
largely to their destruction, resulting in a corresponding decrease in 
their numbers. 
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TENDENCY OF INTRODUCED FORMS TO PRODUCE EXTRA GENERATIONS 
IN ADOPTED NORTHERN HABITATS. 


European introductions in the United States frequently produce one 
or more generations in excess of the number that has been observed 
and recorded in the northern countries of Kurope where observations 
have been made, and even attempt generations late in the year, which 
are often apt to perish by being overtaken by frosts before trans- 
formation can be accomplished or suitable places sought out for 
hibernation. 

Southern forms that migrate northward in time appear to become 
perfectly at home in northern localities; in fact, thoroughly acclima- 
ted, but this is apparent only, as there is every reason to believe that 
many species attempt the production of one or more generations more 
than similar northern species have; or, in other words, essay the 
normal generations which they had in the south, which are apt to be 
cut short by intervening cold weather before their completion. 

Examples of both forms are apparently more frequent in leaf- 
feeding mandibulates, particularly the larve of Heterocera or moths 
and phytophagous Coleoptera, especially Chrysomelidee or leaf-bettles. 
Several injurious forms of plant-lice are in the same category, although 
these have not been given special study. Many genera are known to 
feed in cold weather long after frosts, and may even be taken on their 
host plants under the snow. 

An excellent illustration of polygneutism, or the production of sey- 
eral generations annually ina species recorded as normally monogneutic 
in its native home, is to be found in the imported elm leaf-beetle, 
Galerucella luteola. There can be little doubt that this species is 
monogneutic in Kurope, but observations conducted at New Bruns- 
wick, N. J., and Connecticut cities in the Upper Austral life area 
have shown that there is an incomplete second generation. In the 
more southern portions of the same life area there are invariably two 
generations annually, and in exceptional seasons a third generation 
is attempted; at Hee beetles of the second generation have been 
observed to lay eggs.’ 

An example of an extra generation being produced by a southern 
species is found in the squash-vine borer, Jelittia satyriniformis, 
which is single-brooded on Long Island and northward, apparently 
single and partially double- brooded i in New Jersey, while in the lati- 
tude of the District of Columbia the species is both single- and double- 
brooded, as shown by the writer in recent years (Bul. No. 19, n. s. Div. 
Ent., p. 39). This peculiarity in reproduction is evidently a survival 
of the time when this species lived in a tropical climate, where it was 


‘Even some of our native species closely allied to the elm leaf-beetle, e. g., Gale- 
rucella americana Fab., have been observed by the writer to lay eggs for a second 
generation late in July (Proc. Ent. Soc. Wash., Vol. III, p. 275), but this is, with 
little doubt, exceptional. 
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possible for breeding to be more nearly continuous. The instinct of 
this and other insects of recent southern origin is still to remain late 
feeding in the open, provided appropriate plants are available for their 
subsistence, or, to put it otherwise, they have not learned to seek 
shelter at the same time as native or acclimated forms do. 

Recent observations on this and other species of similar habits and 
origin suggest that the ancestors of those individuals which produce 
only a single generation were introduced in early times and are thor- 
oughly established and acclimated, while those which produce a second 
generation are the offspring of ancestors which have spread from the 
south more recently and have not yet become accustomed to the differ- 
ences in the weather in the North and in the South. 

The development of two generations by Melittia and other southern 
introductions in the District of Columbia and places having a similar 
climate is a matter apparently not so much dependent on the weather 
as upon the inability of the insects to find the appropriate food for 
their larve; for example, were cucurbits to be planted earlier and 
later, there would be no trouble in the vine borer producing two well- 
marked generations in spite of the fact that the vines of cucurbits are 
readily killed by frosts, the insect being able to survive upon stems 
which are not of the freshest. 

Certain species recently observed, e. ¢., Plutella cruciferarum, the 
diamond-back cabbage moth, there are the best of reasons for believing 
are able to produce an additional generation during the latter days of 
November and the first week of December, as many larve captured at 
this time were full grown and accompanied by numerous pupze, most 
of the individuals captured changing to pup before the end of the 
first week of December, in which condition they would naturally be 
less exposed to frost and better able to survive the rigors of winter. 
Still another generation, however, was attempted, as one moth cap- 
tured deposited its eggs at this time. This generation was, of course, 
doomed to failure. 

The effort on the part of so many introduced Old World species of 
producing extra generations would naturally lead to the belief that 
these insects came originally and in comparatively recent times from 
southern Europe or southern Asia, became acclimated farther north in 
Europe in the same manner that native Southern forms become estab- 
lished by migration to our Northern States, whence they were intro- 
duced in the Upper Austral portions of the United States, for the most 
part about our principal seaports, Boston, New York, and in some cases 
Baltimore, and in other large cities, such as Philadelphia and perhaps 
Washington, and after becoming adapted, more or less imperfectly 
perhaps, to the environment of those cities, have made their way still 
farther south, where they have again resumed what was probably their 
original habit of producing two, three, or more annual generations. 
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RESIDENCE OF CERTAIN SOUTHERN FORMS IN LOCALITIES FAR NORTH 
OF THEIR NATURAL LIMITS. IS TRANSIENT. 


In the increase of the areas occupied by these insects they obey a 
natural impulse for migration, and are evidently largely influenced by 
the wind, and this is particularly the case with moths. There can be 
little doubt, also, that insects introduced into the North, and from there 
southward, are again brought northward by winds from the South; in 
fact, there is little stability in the localities occupied by many species, 
winds, frosts, prolonged heat and consequent drought, excessive rains 
inducing abnormal moisture of the insect’s food plants, diseases, and 
natural enemies being among the elements which produce changes caus- 
ing fluctuation in numbers in this or that locality, a decrease here this 
year and an increase there another year.’ 


SPECIES INTRODUCED IN THE NORTH FROM THE SOUTH AND FROM 
EUROPE REMAIN LATE IN THE FIELD. 


Southern or Lower Austral species, particularly those which are 
injurious, which have come up to this region from the South in com- 
paratively recent years, are rarely found early in the season, especially 
after severe winters, but increase toward the end of the season, and 
often, if not usually, occur in their larval stages, busily feeding through 
the months of October and November, even after frosts, as has been 
noticed for several years, and particularly during the two seasons just 
passed. The same is true, for some reason, of species which have 
widened their range in other directions, and particularly of insects 
which have been introduced from Europe. 

Most of the introduced plant-lice, and those which have come up 
from the South, live on their food plants after frosts, long after nearly 
all other insects have disappeared in the field. 

It is true that many native plant-lice also remain feeding late in the 
season. 


1 The writer desires here to call attention to the absurdity of recording strong-flying 
species of insects, and especially moths, like those just mentioned, as residents of 
northern localities beyond their natural limits, where theres no proof whatever that 
the species could ever have bred there, particularly when we know that no food plant 
upon which the larva could have subsisted grows there. If such species are included 
in local lists at all, the circumstances attending capture should be added. A familiar 
example of an insect which lives normally in the South and is frequently found as 
far northward as Canada is the gigantic Noctuid, Mrebus odora. It is native to the 
West Indies, and not known to breed in the United States. In spite of recent remarks 
that have been made that would appear to indicate that this moth might breed within 
the territory of the United States proper, the writer can not believe that it is at pres- 
ent established here, or even will be within the near future, as only isolated specimens 
are found northward, and these in late summer or autumn, as in the case of the cotton- 
worm moth, which it has been, I think, definitely proved does not breed in the North- 
ern States. 
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Of southern species both the cotton worm and the boll worm moths 
are to be found very late in the season, and the writer has seen the cot- 
ton-worm moths in November in great numbers at Ithaca, N. Y., at 
light, after most other insects had been absent from lights, at least 
in any numbers, for weeks. Immense numbers of the moths were 
attracted to the electric lights on the principal streets of the city.’ 

Larve of two important species, the imported cabbage butterfly, 
Pieris rape and the diamond-back moth, Plutella eruciferarum, both 
of comparatively recent introduction, were found during the winter of 
1899-1900 in the last week of November freely feeding after several 
frosts. They were accompanied by the harlequin cabbage bug, J/ur- 
gantia histrionica, which we know to have recently spread northward 
from the Southern States, and by the cabbage looper, Plus/a brassice, 
which has also spread from the south northward, though not in very 
recent times. 


SUMMARY OF CONCLUSIONS. 


The result of recent studies may be summarized briefly as follows: 

(1) That there is a tendency on the part of forms introduced in the 
North from farther South to produce one or more generations in excess 
of the number developed by similar forms native to the region of this 
adopted habitat. 

(2) That as a result these forms remain later in the field than do 
species native to the North. 

(3) That, largely as a result of the above and other habits, in addi- 
tion to greater susceptibility to low temperatures, these southern intro- 
ductions are apt to be destroyed every year in large numbers, their 
residence in their northern homes being, therefore, not strictly per- 
manent. Cold snaps following warm spells during the winter are, ac- 
cording to observation, the most important factors in their destruction. 


ON THE HABITS OF ENTILIA SINUATA. 
By L. O. Howarp. 


This interesting little leaf-hopper, certain of the habits of which 
have been described by Mrs. M. E. Rice, of Coryville, Pa., in Volume 
V of Insect Life (pp. 248-245), is common throughout the eastern 
United States, and may be found upon many different plants, such as 
potato, ragweed (Ambrosia), spikenard (Aralia), Cnrveus altissimus, 
Lactuca spicata, Rudbeckia laciniata, cotton, sunflower, and other 
annual and herbaceous forms. Mrs. Rice studied the eggs, which 
were laid upon the midrib of a leaf of sunflower and began to hatch 


'The exact date was not noted, but it is much colder in that locality than on the 
corresponding date in Washington, there being about a month’s difference in that 
climate in ordinary seasons, and although the event happened many years ago, it is 
remembered that a heavy overcoat worn at the time was very comfortable. 
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out on September 1. Sunflower leaves infested by the larvee die and 
the whole plant looks as if scorched. About two weeks after hatch- 
ing the larve molt for the first time. During their entire life, Mrs. 
Rice noticed, almost every colony was guarded by one or more ants. 
When she raised the leaf to examine closer the ants gave battle and 
bit her finger. When she removed the ants the little leaf-hoppers, 
both larve and imagoes, scattered with astonishing celerity all over 
the plant. The ants returned and rounded them up exactly as the 
collie dog does sheep, placing one ant on guard if the colony were 
small and more if the colony were large. She noticed when one of 
the little leaf-hoppers strayed away an ant went after it and, with 
infinite patience, drove it home again. She noticed further that when 


Fic. 27.—ntilia sinuata; Adult nymph; swelling of stem due to eggs; angle at which eggs are 
laid (original). 


the larvee were ready to molt and the skin began to split on the back 
the ants supervised the process, seeming to peel off the empty larval 
skin. When one considers the fact that the leaf-hoppers in perfect 
condition can both fly and jump, the control which the ants maintain 
over them is remarkable. The writer had an opportunity of studying 
this interesting little insect during the month of August near Tanners- 
ville, N. Y., also upon sunflower, and from the specimens collected at 
that time the accompanying illustrations have been drawn. 

The swelling of the midrib, caused by the insertion of the eggs, was 
very pronounced, as shown at figure 27, while the exact angle at which 
the eggs are inserted is also shown at figure 27. 
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The young, when first hatched, were almost immediately attended 
by two species of ants, specimens of which were collected, and which 
are determined by Mr. Theodore Pergande as Camponotus pictus Forel. 
and Formica subsericea Say. It was noticed, however, that both species 
of ants were not found upon the same leaf. Specimens of one species 
would guard a colony upon one leaf, while on the next leaf on the same 
plant a colony of the leaf-hoppers might be guarded by several speci- 
mens of the other species of ant. 

When so guarded the leaf-hoppers clustered at first near the midrib 
and in the vicinity of the eggs in the manner shown at fig. 27. The 
successive stages of development are shown at figs. 28 and 27. The 
second and third larval stages are very characteristic, and not until 
the fina] larval stage is reached does the young show any resemblance 
to the adult leaf-hopper. 

A curious and interesting observation was made upon the first egg 


Fig. 28.—Entilia sinuata: Successive larval stages—enlarged (original). 


mass seen, and which was verified again and again, and that is that 
the adult female seems to brood over her eggs until they are hatched. 
She assumes a position upon the swollen midrib parallel to the leaf 
surface, instead of perpendicular to it, and waits patiently and almost 
motionless for several days—in fact, until the young are hatched. The 
ants do not bother her while she is thus brooding. As soon as the 
young hatch out they put in an immediate appearance, and all of the 
observations made by Mrs. Rice mentioned above have been verified. 
Considerable honeydew is secreted by the larvee, and this is undoubtedly 
the cause of the care taken by the ants. When allowed to stray the 
leaf-hoppers will run around to the upper side of the leaf, but are soon 
driven back by the ants and kept massed into clusters. The work of 
the insects causes the ultimate yellowing and dropping of the leaves, 
in which case the leaf-hoppers are carefully removed by the ants and 
placed upon fresh leaves. The Entilia may thus be considered an 
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injurious species to cultivated sunflowers, and as the ants encourage 
them, take good care of them, and place them upon fresh leaves, the 


ants themselves become thus indirect enemies to the plant. 
A kerosene emulsion spray is of course a perfectly efficient remedy. 


FUMIGATION WITH CARBON BISULPHIDE. 


3y W. E. HInps. 


U.S. DeparrMentr oF AGRICULTURE, 
Division oF EnromMoLoey, 
Washington, D. C., July 15, 1901. 

Str: I submit herewith a report upon the use of carbon bisulphide in the fumiga- 
tion of a large wholesale and retail tobacco establishment in Washington, D. C., 
together with some details of caution in its use and afew observations concerning the 
effects of this insecticide upon the user, which I have not found published hitherto. 

Respectfully, 
W. E. Hinps. 

Dr. L. O. Howarp, 

Chief of Division of Entomology. 

On the 13th of July, in accordance with your instructions, I visited 
this establishment and made a general investigation. ‘The business is 
confined to what is practically one large room, having about 3,000 
square feet on the ground floor and a cubical content of about 75,000 
feet. Ata height of about 12 feet a wide gallery runs around three 
sides of the room. This gallery, as well as the main floor, is filled with 
tobacco of various grades and styles of manufacture and in all kinds of 
packages. Altogether the stock consisted approximately of 800,000 
cigars, 400,000 cigarettes, and 37,000 pounds of smoking and chewing 
tobacco. Only a very small portion of the stock showed any signs of 
infestation, and this was stored partly in the gallery and partly on the 
- main floor. Several kinds of high-grade smoking mixtures (obtained 
mostly, as the proprietor informed me, from the same factory) were 
being seriously damaged by the cigarette beetle, Lastoderma serricorne 
Fab. It was stated that the beetles seldom appeared till the stock was 
about two years old, and the proprietors believed that the eggs were 
in the tobacco when it was packed, but that they remained dormant for 
a year or so more, developing abundantly toward the end of the second 
year. This, of course, is not the case. However, it may be possible 
that some stock was infested at the factory and the beetles subse- 
quently passed through several generations in the package before their 
presence was discovered, and it seems very probable, since the beetles 
have been quite abundant in the store for at least the past two years, 
that stock originally clean may have become infested in the store dur- 
ing the two years in which it was more or less exposed to infestation. 

A large number of the beetles were noticed in the store last year, 
and a small portion of the stock was at that time treated with CS,; but 
the fact that some of the old stock is now badly infested makes it 
appear very probable either that the first treatment was not sufficiently 


. 
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extensive to include all the infested stock or that it was not thorough 
enough to destroy all the beetles in what was treated. This partial 
treatment was, however, sufficiently successful to satisfy the propri- 
etors that if used in a sufficiently large quantity and so as to include 
the entire stock, carbon bisulphide would eradicate the pest. They 
had, therefore, made preparations to thoroughly fumigate the whole 
establishment, applying more than double the quantity of the insecti- 
cide that is usually recommended in such work. They desired to clean 
out the beetles at any cost and preferred to use an excessive amount 
of bisulphide rather than be obliged to repeat the treatment. Accord- 
ingly, they had provided 200 pounds of CS, and about 35 shallow tin 
pans about 3 feet long by 1 foot wide and 1 inch deep. At the writer’s 
suggestion, an additional supply of evaporating pans was obtained. 
Over fifty of these large pans were distributed around the room in as 
high positions as possible, and a number were placed on top of the 
stock stored around the gallery. The stairway and elevator shaft lead- 
ing to the basement were tightly closed and the worst infested stock 
was opened and the boxes spread around upon the lower floor. The 
cans of bisulphide were distributed and everything done to facilitate 
rapid work in the application of the liquid. Owing to the slight danger 
of generating a spark in turning off the incandescent lights which it 
would be necessary to have if the application were made at night, it 
was thought best to defer the exposure of the liquid till early on Sun- 
day morning, July 14. (The dangers connected with the use of carbon 
bisulphide will be spoken of more fully at another place in this report.) 

Soon after 6 o’clock on Sunday morning the work of pouring the 
bisulphide into the pans was begun simultaneously by the six persons 
(including the writer) present. Each pan received from 2 to 3 pounds 
of the liquid. The pans ina vault and the show window and in the 
wall show cases were filled first and the doors to those compartments 
were then closed to retard the fumes. Otherwise the doors to show 
cases and closets and the drawers were all left slightly ajar to allow 
the unhindered entrance of the fumes. The pans around the sides of 
the rooms under the gallery were placed so high that a 5 or 6 foot 
stepladder had to be used to reach most of them. As only one such 
ladder was at hand, the work was somewhat delayed at this point, and 
all lower pans on goods along the middle of the floor and on show cases 
were filled before the work on the higher pans could be completed. In 
the meantime the pans in the gallery were being filled and the fumes 
on the lower floor were becoming very dense. The air supply had 
become insufficient for the workers, and instructions were given to 
each man to go outdoors as soon as he began to feel dizzy. This 
most of them did, and after a few refreshing breaths they were able 
to return to the work; but one or two did not leave the room until the 
work was finished. (The effects of the gas upon the operator will be 
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considered more in detail at another point.) After about 145 pounds 
of CS, had been exposed, occupying from fifteen to twenty minutes, 
the fumes had become so dense that we were forced to withdraw. 
The building was then carefully locked and left for twenty-two hours. 
People passing on the street at the time the exposure was being made 
and those having business in adjoining rooms complained of the exceed- 
ingly disagreeable odor, but at a visit to the premises later in the day 
the writer could detect but very slight traces of the odor on the street, 
even close to the door. No guard remained near the building during 
the day. 

On Monday morning, at 4.45, the store was opened for ventilation. 
The density of the fumes had greatly diminished, but a watch was 
kept to see that no one passed close to the door with a lighted cigar 
until the fumes had mostly disappeared. In forty-five minutes the 
store was so well aired that but little of the disagreeable odor 
remained, though for several days slight traces of the odor lingered 
in the room. 

An examination of many boxes of the infested stock on the lower 
floor disclosed many dead beetles, but no living ones. Unopened boxes 
of stock in the gallery were examined, and these showed only about 
one live beetle to every one hundred dead ones. So far as could be 
determined at the time, the treatment was very successful, and the 
proprietor expressed himself as very well pleased with the result. 

The suggestion was made that future trouble with the cigarette 
beetle might probably be avoided by treating incoming stock with CS, 
in a quarantine chamber before placing it in the sales room. In the 
basement the writer was shown a large, zinc-lined, air-tight box, hay- 
ing 18 cubic feet capacity, which has been used as a moistening cham- 
ber. Upon being assured that this was an admirable thing for a 
quarantine box, the proprietor declared it his purpose to adopt the 
suggestion and treat all new or suspected old stock in this way. 


DANGERS IN USE OF CARBON BISULPHIDE. 


It is customary when anything is written concerning the use of this 
very volatile and highly inflammable liquid to emphasize the danger 
from fire in the presence of the fumes, and it is usually pointed out 
particularly that even alighted cigar may cause a disastrous explosion. 
The writer has also seen printed mention of the danger of. liberating 
the fumes in the presence of heated steam pipes. So it seems that a 
brief mention of a few other points of danger may not be out of place 
here. 

No electric fan should be allowed to run in the presence of the fumes, 
as it is liable to Ne off occasional sparks. For the same reason there 
would be danger in turning on an incandescent light, and though the 
danger in turning ‘Sit suc i a light is less than in turning it on, there 
is still too much chance of forming some connection which would pro- 
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duce a spark to run the risk of the explosion which would almost surely 
follow. The writer has personally experienced the formation of such 
a spark when turning off a light, and it very frequently occurs when 
turning it on. The danger from gas and are lights is too apparent 
to need more than mention. It would be a matter of courtesy as well 
as a measure of safety to inform occupants of adjoining rooms of the 
nature of the work being done and the need for care in regard to fire 
should the fumes find entrance to their establishments. An additional 
safeguard would be to station a watchman on the premises till the 
treatment is ended. The danger to the operator making the exposure 
is but slight if he knows the nature and effects of the gas. As soonas 
he finds that he is being overcome and getting dizzy, he should at once 
get out into the open air. 


EFFECTS OF THE GAS UPON THE OPERATOR. 


The first appreciable effect is upon the sense of smell. At first the 
fumes have an extremely disagreeable odor; but the odor soon seems 
to gradually disappear, and in this treatment the men strongly doubted 
that they were using the same substance with which they began. This 
deadening of the smell continues until it iscomplete. The other senses 
seem to become benumbed simultaneously, so that the operator does 
not feel or realize that any change is taking place in him. But the 
heart beat becomes more and more rapid as the supplv of oxygen in 
the lungs diminishes. The power of thought is very much weakened 
and the work is continued in a mechanical sort of way. Hearing and 
sight are also weakened; in fact, consciousness itself is being gradually 
lost. But before this weakening process has gone far enough to be 
really dangerous or injurious the operator feels rather ‘‘ queer” in the 
head, with more or less dizziness. There is no pain or disagreeable 
sensation, no desire to escape out of it, and no sense of suffocation. 
But when a person reaches this condition it is high time to get out 
into the open air, where the ill effects will soon disappear. Should the 
operator persist in remaining longer in the room after this condition 
is reached there would be danger of a fall; and if no one happened to be 
near, his presence might not be missed and suffocation would soon 
follow. Even if he should get out safely the after effects would be 
more serious and a severe headache, at least, result. It should be 
clearly understood, however, that the action of the gas is somewhat 
poisoning as well as suffocating. These observations concerning the 
effects of the gas upon the men are gathered from personal expe- 
rience and the statements of others engaged in making the treatment 
herein reported. 

Owing to the effect of the gas upon the action of the heart, the 
writer believes that it would be wise to caution persons having any 
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trouble or weakness about the heart against taking any part in the 
application of carbon bisulphide. 

In view of the increasing use of CS, as an insecticide and the scat- 
tered condition of such observations as have been published in regard 
to it, the writer respectfully suggests the desirability of a more com- 
prehensive report than has yet been made, published in some such 
form as to be readily available to all those desiring practical informa- 
tion upon this subject. 

GENERAL NOTES. 


ICHNEUMONID PARASITES OF THE SUGAR-CANE BORERS IN THE ISLAND 
OF REUNION. 


Under this title M. Edmond Bordage, director of the Museum of 
Natural History of Reunion, has published a brief account of Ophion 
mauriti Saussure and of OC. antankarus Saussure, which are parasitic 
in Reunion on the larve of Diatrwa striatalis and Sesamia albiciliata, 
two destructive sugar-cane borers of that island and of Mauritius. He 
thinks that they are responsible for the marked reduction in the num- 
bers of the borers. 

The accompanying figures are from drawings by M. Bordage, and 
illustrate the wing venation of O. antankarus. 
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Fic. 29.—Wings of Ophion antankarus—I, upper wing; II, lower wing. The large cell (ed) of the upper 
wing has three spots of reddish or yellowish color, which are given in detail much enlarged in 
Fig. III; they take the form of a crescent, 2 mere speck, and a triangle. (With O. mauritii th >re 
is found in the interior of the large cell (ed) only one spot which is formed like a triangle.) 


INSECTS FROM BRITISH HONDURAS. 


The Rev. W. A. Stanton, S. J., of St. Louis University, St. Louis, 
Mo., sent February 12, 1900, for identification certain insects col- 
lected at Belize, British Honduras. The notes which accompanied 
them are of interest. 

An insect known locally as the ‘‘doctor fly” was <dentified as 
Diachlorus ferrugatus Faby. My. Stanton writes: 

The fearful local swelling which follows the bite of these insects causes them to be 
regarded with dread by the inhabitants. The effect, however, varies in different 
individuals. 
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Some small flies, very troublesome in some quarters, and called by 
the natives ‘* botlass” flies, were determined as a species of Simulium; 
unfortunately, the specimens were too badly injured for study. The 
bite of this insect is quite painful and leaves a black spot on the skin, 
surrounded by a reddish circle which lasts for a week or more. 

A species of tick taken from the body of one of the deadly ‘* tom- 
mygoft” snakes, a species of Lachesis or ** bushmaster,” quite common 
in Belize, was identified as belonging to a species of Ophiodes. 

Three spiders were sent and identified as <Argyroepeira argyra 
Walck., Argiope argentata Fab., and Gasteracantha caneriformis 
Linn. The dorsal surface of the abdomen of the last named when 
alive is brick red in color, though many individuals are found, seem- 
ing to an ordinary observer to be of the same species, in which the 
color is pure white, or sometimes lemon yellow. 

The sending also included specimens of the white ant, Zermes sp. 
(probably moro), and a small black ant, very common in Belize, 
known scientifically as Cryptocerus alfarod Em. 2 


NOTES FROM THE PHILIPPINES. 


Lieut. Alfred T. Clifton wrote this office April 20, 1900, from mili- 
tary station No. 5, Bacolod, Negros. Philippine Islands, transmitting 
some specimens, with interesting notes. A giant wasp which he sends 
he states is called in the Philippines ‘‘avisar,” or take notice, a sufli- 
ciently suggestive name for an insect of its class. 

At the time of writing grasshoppers were very destructive, ruining 
the sugar crop in a few hours wherever they stopped. Our corre- 
spondent had seen great clouds of these creatures, so numerous that 
they obscured the sun, passing over the town. The natives on haci- 
endos on such occasions turn out and beat on bamboo and make a 
racket to frighten them off. 

The grasshoppers are very ravenous—always hungry. In the mern- 
ing you can pass a field of young sugar cane a foot high, and when 
you return that way at noon it will sometimes look as if nothing had 
ever been planted. Notwithstanding this, these langosta, as they are 
termed by the inhabitants, are considered a great delicacy, but our 
correspondent had never had the courage to test this personally. 

It is customary to place obstructions of sections of banana trees on 
top of the furrows of growing cane, and the locust eats the canes fur- 
row by furrow, and when he reaches the obstruction, instead of going 
over it, he hops to the end where a hole has previously been dug, into 
which he falls. Here the locusts are collected and are then boiled, 
after removing the legs, heads, and wings. Thus prepared they make 
a black-looking mess. One haciendero stated to our correspondent 
that he had shipped a load of locusts to Iloilo, where they were worth 
$4 a bag. 

The natives believe that the locusts come every seventh year. 
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MISCELLANEOUS NOTES FROM KANSAS. 


Mr. F. F. Crevecceur, Onaga, Kans., an entomologist of consider- 
able experience and a valued correspondent of this office, has reported 
the results of some interesting observations made by him during the 
past season (1900). Some of these are, in brief, as follows: 

Notonecta undulata, one of the common, so-called back-swimmers, 
was observed feeding upon a related species, Anzsops platycnemis, on 
one of our largest species of Corisa, and on the Dytiscid water beetle, 
Coptotomus interrogatus. 

March 19 a species of spider, Yysticus gulosus, was noticed feeding 
on the dung beetle, Aphodius inquietus, under a voard on the ground. 

Crepidodera rufipes, the red-legged flea beetle, a long account of 
which was published some years ago in Volume V of Insect Life 
(pp. 341), was stated to be very abundant in the State of Kansas. It is 
a destructive enemy of young peach, cherry, and other fruit trees. 

May 30 a wasp, Odynerus tigris, was observed bearing a larva and 
flying about a post in a barn looking for a hole in which to deposit it. 
The next day some of the same kind of larvee, as well as pup, were 
found on the willow, Salia amygdaloides, which were reared and 
proved to be Lina scripta, the streaked cottonwood leaf-beetle. 

June 6, Anomea laticlavia, an interesting Chrysomelid, was reared 
from its pupal case found under a log about a month before. This 
case, which was made of dirt, was described as about five-eighths of 
an inch long by half that width, convex laterally, and somewhat con- 
cave longitudinally on the under side, with a fringe along the sides 
and crimped on the under side only, giving the case the appearance of 
being of organic origin instead of being of dirt. 

June 18 Plusia brassicw, the cabbage looper, was reared from larvee 
on cottonwood, which pupated June 9. June 21 the same species 
issued from the larva taken on cottonwood, which pupated June 12. 
It will be noted that the pupal stage in both cases lasted nine days. 

On two occasions during the latter days of June Dasyllis tergissa, 
a large robber fly, was noticed feeding upon Macrobasis unicolor, 
the ash-gray blister-beetle, Onthophagus hecate, » dung-beetle, and 
Euschistus tristigmus, a plant-bug. 

June 10 Atomosia puella was noticed feeding upon Lonchwa rufitar- 
sus, both Diptera. 

June 14 Macrobasis unicolor was observed feeding on the bloom of 
hollyhock. It had ragged three or four flowers on this plant when 
observed. 

While picking strawberries our correspondent happened to touch a 
specimen of the plant-bug Huschistus variolarius, which is often found 
feeding on the fruit of berries, and noticed that a small quantity of 
the fluid which this species exudes when disturbed caused a very pain- 
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ful sensation on a sore spot on his finger, almost like that produced by 
a burn. 

During the last week of September two species of ants were noticed 
devouring apples on trees, some of the fruit having been almost com- 
pletely devoured and badly honeycombed at the time. 

October 6 Huphoria inda, the brown fruit-chafer, was observed 
feeding upon some apples that had been injured by ants. 


UNUSUAL INJURY BY CUTTING ANTS IN TEXAS. 


One of our correspondents, Mr. H. Booton, of Richmond, Tex., 
writes, under date of September 2, of very unusual injury by cutting 
ants in that State. As his letter is of unusual interest, we copy it 
entire: 


Replying to yours of the 20th of August, in regard to the night ants, as you desig- 
nate them, it is the same ant I refer to. We call them the cutting ants. In the lot 
next to me here in Richmond these ants undermined the wall to the city schoolhouse, 
causing the wall to fall. This same nest of ants destroyed 13 acres of my orchard. 
I have gone down 10 feet after these ants. The school and county authorities sent 
to Galveston, Tex., for an architect to examine this house and give the cause of these 
walls falling, for which they paid this man $50. I was present when this man exam- 
ined these walls. He pronounced them good walls—a sound foundation—the second 
best that can be made. He could not find the cause of the north wall falling. J 
offered him my assistance, which he accepted, and in five minutes I satisfied him that 
these ants had undermined this wall and were the cause of its falling. He so reported 
it and said it was the first wall in all his experience he had known to be destroyed 
by these cutting ants. I dug six holes, from 8 to 10 feet deep, in my yard for these 
ants. I smoked them with sulphur, which ran them under this brick house. The 
results I have stated. This nest of ants was destroyed or run away by the water 
running from the gutters off this house onto this nest after the wall had fallen. Iuse 
a buffalo blower to force the fumes of the sulphur into the holes of the ants. Bisul- 
phide of carbon will not kill the cutting ants. It will kill the hillants. These cut- 
ting ants will carry London purple and Paris green from 100 to 200 yards. I know 
of a well in this county which these ants destroyed by depositing London purple in 
if, and this well was nearly 200 yards from where these ants were fed on the London 
purple. Iam the only man in this county who can kill these cutting ants. 


INJURIOUS MOTHS ATTRACTED TO LIGHTS IN AUTUMN. 


On the morning of September 23 the writer’s attention was attracted 
to numerous individuals of the cotton moth (Aletia argillacea Hbn.) in 
the vicinity of electric-light globes in the business streets of Washing- 
ton. The same species, together with the boll worm moth and other 
Noctuidae, were noticed at lights during the same evening, and the 
injurious forms predominated to such a degree that a tour was made 
of all available electric-light globes of the vicinity. From the captures 
an estimate was made and it was found that of the different species of 
moths attracted to the lights up to 11.30 p. m. about 85 per cent were 
injurious and the remainder innoxious. Other orders were conspicu- 
ous by their scarcity. A few common species of beetles, such as Szlpha 
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surinamensis and Carabidee, were found here and there occasionally, 
as also numerous gnats of no known importance, economically or other- 
wise. Outside of the Lepidoptera the only insect commonly seen was 
a chrysopa fly (Chrysopa oculata), a well-known beneficial species. 
The temperature at the time of collecting was about 65° on the streets, 
but the official reported temperature was 60°. 

The list which follows of the species captured, and the percentage 
of their occurrence, both on the date of capture and an estimate of their 
occurrence during the week ending September 23, may be found of 
interest, not only as showing the value of lights in attracting injurious 
forms in autumn, but also for comparison with the list of insects cap- 
tured in a cotton field near Victoria, Tex., October 1, 1897, which was 
published in Bulletin No. 18 (n. s., pages 85-88). Fully half of the spe- 
cies listed are Southern, 7. ¢., forms more frequently found in the 
South than in the Northern States. Anyone who has paid any atten- 
tion to the species of insects attracted to lights in spring and summer 
can not have failed to have been struck with the fact that beneficial 
forms are frequently so abundant as to show in many cases that the 
lights are of practically no value whatever in reducing the numbers 
of destructive insects. Although the noxious forms outnumber the 
others, it must always be remembered that each individual of a preda- 
ceous or parasitic species during a lifetime is capable of destroying 
many individuals of the injurious species. 

The following is the list of captures: 


| la r , 
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Meliovnis armMmicéer 541 aeete = Je ees Corn ear worm, boll worm .......-.- 9 |} 16 
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Miseellancous injurious species 22,5. 2 22d25 slp ime wecteemcics snimecs Soo chie eee ea aes ee eele meets 6 
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THE ANGOUMOIS GRAIN MOTH IN PENNSYLVANIA. 


It might be remembered by some of our correspondents that we 
made mention of the fact that the Angoumois grain moth (Sztotroga 
cerealella Ol.) is known to occur in the field as far north as Philadel- 
phia, Pa. From accounts which have reached us this fall (1900), it is 
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evident that the extreme heat of the past summer induced numerous 
individuals of this species to fly northward, and it is also evident, from 
the numerous reports of injury, that the species is established out- 
doors, at least temporarily, in other localities than Philadelphia. 
Writing November 30, 1900, Mr. J. E. Walker states that this insect 
was ruining the wheat crop in the vicinity of Media, Pa. He writes 
that it can not be fanned out, as the hull or injured kernel and the 
insect are apparently so nearly of the same weight. In one instance 
men at work upon wheat were obliged to leave the barn at various 
intervals during the process of threshing to clear their throats and 
relieve their noses from the flying insects, which came in clouds, both 
dead and alive, from the machine. The presence of the insect in the 
grain was not discovered until threshing commenced, in November. 
Most of the wheat in that vicinity was threshed in July and sold, or 
complaints of injury would probably have been general. 

Writing again January 23, our correspondent stated that after 
inquiry among persons residing in the neighboring towns he ascertained 
the extent of injury by this species to comprise a district radiating 
from Media and extending from Philadelphia to Newtown Square, to 
Westchester, to Kennett Square, to Ashland, Del., and up the Dela- 
ware River to Philadelphia, which completed the circuit. He expa- 
tiated on the difficulty of obtaining the information desired, owing to 
a general suspicion on the part of persons interviewed that the infor- 
mation which they might give would interfere with the sale of their 
farms; also that it was simply out of the question to endeavor to per- 
suade farmers to apply remedies to grain that had been threshed. 
They were all willing to sell for what the grain might bring, and it 
was left to the middleman to do the ‘‘doctoring.” Some interesting 
instances of infestation by this species were cited. One person owning 
a farm at Newtown Square threshed his grain from the mow, shipped 
600 bushels to Philadelphia, and when the car was opened the next day 
the grain was so badly heated that a man walked on the top of it with- 
out making an impression with his shoe soles. Those who threshed 
immediately after harvest succeeded in effecting a sale of their wheat. 
A milling company at Kennett Square was refusing to take wheat for 
grinding, as several thousand bushels in stock was badly damaged 
before the presence of the moth was discovered. Another mill at Ash- 
land, Del., was caught like the preceding. Six thousand bushels was 
damaged. Injury was general about Westchester, especially to wheat 
which was stored in the sheaf and permitted to remain some length of 
time before threshing. 

February 6, 1901, we receivea information from a milling company 
of New York City that this species, specimens of which were sent, 
was very generally destructive throughout New Jersey and eastern 
Pennsylvania. 
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USE OF SULPHUR AS A REMEDY FOR THE INDIAN-MEAL MOTH. 


Mr. A. Martin, Lamont, 5. Dak., writes, under date of November 3, 
1900, that during the summer of 1899 the Indian-meal moth (Plodia 
interpunctella Hbn.) became so numerous that he was obliged to have 
recourse to remedies. Having a hard-coal heater in the building in 
which the infested grain was stored, he decided to make an experi- 
ment. ‘The first was to ascertain if coal gas and heat would have any 
effect on his unwelcome guests. Neither produced the desired result. 
On the contrary, the heat enabled the insects to multiply more rapidly, 
and the grain for a foot or so nearest the heater became quite hot—as 
high as 110° F. 

Sulphur was tried, 3 pounds being burned in a couple of days, with 
result that it killed some of the moths, the fumes not being strong 
enough to effect the destruction of the larvee. He next tried 3 pounds 
of sulphur, repeating with 3 pounds more. This killed all the moths 
not protected by being under boards or in similar localities. It did 
not affect the larve as far as could be seen. Our correspondent esti- 
mates that the moths.could all be killed at an expense of about, say, 
5 pounds of sulphur to 10,000 cubic feet. 

Bisulphide of carbon cost, in this case, 25 cents a pound, and was 
therefore too expensive. 


FULLER’S ROSE BEETLE IN THE HAWAIIAN ISLANDS. 


Since writing on the so-called ‘‘olinda bug” (Pandamorus olinda 
Perk.), in ‘‘ Notes on insects affecting the koa trees at Haiku Forest, 
Maui,” specimens were given to me at San Francisco by Mr. Charles 
Fuchs, who claims that they were common in gardens of that city. 
Mr. E. A. Schwarz, to whom we showed specimens, pronounced them 
the well-known ‘‘ Fuller’s rose beetle” (Avamigus fulleri Horn). The 
insect has been figured in the Report of the Entomologist of the 
Department of Agriculture for 1879.1 Dr. Riley states that as early 
as 1875 specimens were sent to him by Mr. A. 8. Fuller, who found 
it in greenhouses somewhat injurious to camellias. In his report, Dr. 
Riley stated that ‘‘it seems to be quite widespread, occurring from the 
Atlantic at least as far west as Montana, and its habit of injuriously 
affecting roses and other greenhouse plants must be looked upon as a 
comparatively recent acquirement.” 

The so-called ‘* Olinda bug” is found on Oahu, and lately occurred 
in destructive numbers at Kohala and Kau, on Hawaii. The injury of 
this beetle to trees is in reality not as serious as it would appear, and 
its presence upon older trees is barely noticed, while upon the young 
trees growing among the Hilo grass its presence is more apparent. 


‘More recently Mr. Chittenden has given an account of this species in Bul. 27, 
h. s., pp. 88-96. 
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We have seen many trees of the Java plum, recently planted, with 
every leaf eaten off, and some have died from the effects of the beetle 
and Hilo grass combined, while others again barely showed any sign 
of the beetle. Reports from Kohala state that the beetle also devours 
the bark of young trees. This we have never observed, but.have no 
doubt of its accuracy where food is scarce. Most any plant or tree, 
and even the grass, is attacked by the beetle. The insect appears to 
be most numerous along the border of the forest, and it is found from 
the seashore up as high as 5,000 feet. Seven years ago we were 
shown the beetle at Paia, destructive to roses and garden plants in 
general. Mr. Perkins reports having some years since seen remains 
of the same at the base of koa trees near Olinda to a depth of several 
inches. It must have been present on the islands long before it became 
prominent, and it is likely an introduction from Mexico, and probably 
came from Acapulco. 

The life history of the beetle is as yet but imperfectly known. Four 
years ago we found its larve under stones at Olinda, and collected 
large numbers of the same in all stages on this trip feeding on the 
roots of Hilo grass. We have obtained its eggs in confinement, depos- 
ited in clusters of some 75, of a light-yellow color, from three-fourths 
to 1™™. long and half as wide. At the office we find that large num- 
bers of young larve issue from galls produced by the Tortricid larvee. 
Here the eggs are inserted anywhere where a hole is convenient, and 
are embedded in irregular masses partly covered by excremental re- 
mains. We should think that they are also found under the bark of 
trees on which the beetles feed. It was found that the large number of 
gall-like swellings on the terminal branches of the koa trees brought 
down for observation produced hundreds of young larve of the ‘* Rose 
beetle.” Whenever the galls showed any holes, or if partly split, 
they had been thrust full of eggs, often an inch or more in length. 
Doubtless this is done by several individuals when present in such 
enormous numbers as at Haiku. In gardens and small areas of land 
the beetles are easily dealt with, since they are wingless and can only 
crawl. They can readily be shaken off smaller trees into a bucket of 
water with a little kerosene and destroyed. This can be done at any 
time during the day or night while the beetles remain stationary upon 
the plants, where, if numerous, they will congregate in clusters. 

Aramigus fulleri has not many enemies. The indigenous Carabid 
beetles on higher elevations must destroy many of their larve. 

Insectivorous birds evidently feed largely upon the beetles. We 
found excrements of the mina or mynah bird consisting entirely of 
remains of these beetles. Quails are considered as excellent birds to 
destroy such insects; fowls should keep the surroundings of houses 
free of them. Probably some 90 per cent of the food of the mongoose 


consists of insects, roaches, crickets, grasshoppers, and centipedes, 
and, from examination made, he also feeds upon the ‘Olinda bug.”— 
ALBERT KOEBELE. 


SINGULAR INSTANCES OF ATTACK ON HUMAN BEINGS BY INSECTS. 


From time to time we are in receipt of specimens of insects from 
nearly every quarter of the globe with report that the species sent 
had caused annoyance by attacking men. In previous publications of 
this Department we have had occasion to mention more or less in detail 
the attacks and alleged attacks of the so-called ‘* kissing bug,” mos:- 
quitoes, fleas, bedbugs, and various other insects which are known to 
attack man habitually. Extreme cases, however, are constantly being 
reported, and some of these may be of interest. During December, 
1900, we received a communication from Mr. F. D. Granger, of the 
United States Coast and Geodetic Survey, this city, with accompany- 
ing specimens of the ground beetle (//arpalus erraticus), a common 
species in the West, which had been taken in September of that year 
on the farm of Mr. William Lord, at Page, Nebr. Mr. Lord said he 
had never noticed the insects before that year, but remarked that they 
were “‘savage biters.” Mr. Granger stated that personal experience 
proved the correctness of this assertion, and that not only he but 
other members of the party camped in that vicinity were bitten by 
these beetles. 


EFFICIENCY OF THE TWO-SPOTTED LADYBIRD AS A PLANT-LOUSE 
DESTROYER. 


During the latter part of June Mr. J. J. Newbaker, Steelton, Pa., 
and Mr. M. P. Jones, Morristown, N. J., sent specimens of the cherry 
aphis (M/yzus cerasz) and of the apple louse (Ap/7s mal7) on peach and 
apple, respectively, in both cases with accompanying specimens of 
the two-spotted ladybird (Adalia bipunctata) in the pupal condition 
when received. The pups were found in groups of half a dozen and 
more within the curled-up leaves, and in neither case were any plant 
lice remaining, the larve having devoured them all before transform- 
ing. It seems probable that a similar condition of affairs existed in 
both localities upon the trees. 


THE ‘‘OVERFLOW BUG” AGAIN. 


October 15, 1900, Mr. J. Hardy, Milton, Cal., sent specimens of the 
ground beetle Platynus maculicollis, known in California as the *‘ over- 
flow bug” or ‘grease bug,” with report that the species was a very 
annoying pest in that vicinity at that time of the year. Our corre- 
spondent writes: 

They make their appearance about dusk, within three or four days after the rain, 
and remain from ten days to three weeks. They enter the houses in great numbers 
and get into everything. If disturbed they emit a strong fetid stifling odor. 
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They enter the best built houses, which other pests never enter, nor does cleanli- 
ness about the premises or location on high or low ground seem to make any differ- 
ence. * * * They will walk off of sticky paper, and ‘‘buhach’’ does not affect 
them. To give you some idea of how they run over us, I will say that I can at this 
time (8 p. m.) count over 50 crawling over a small table, about 13 by 3 feet, in front 
of me. 

A letter from the pen of Mrs. A. E. Bush, one of our California 
correspondents, was published concerning this insect in the American 
Naturalist of August, 1882 (pp. 681, 682), and we published a brief note 
from correspondence with Mr. A. A. Eaton, Riverside, Cal., in Insect 
Life, Volume V, page 342. This beetle is a Carabid, and, like most 
species of this family, may be predaceous. A number of the beetles 
were confined in a small box and sent to us by Mr. Hardy, and nearly 
all reached this city in good condition, a very unusual state of affairs 
when it is considered that they were in such close confinement and had 
nothing to feed upon. Even one beetle that died did not appear to 
have been attacked by its fellow prisoners. Possibly the disagreeable 
odor emitted by the beetles may have an effect in deterring others from 
attack. 


A REMEDY FOR FLEA-BEETLES IN CALIFORNIA VINEYARDS. 


We are in receipt of a communication from Mr. E. H. Twight, San 
Francisco, Cal., dated May 15, 1901, in which he states that flea-beetles 
do great damage in California at times, and that if the pests are not 
too numerous they can be fought with a flat with a slot to fit around 
the trunk of the vine, ending ina bag. When this is used early in the 
day, before it becomes too warm, the insects drop in with a slight 
shake of the vine. A man is supposed to treat 200 vines in an hour. 
When the bag is full it is dipped in hot water and the insects fed to 
chickens. 

When the flea-beetles appear regularly every season, our correspond- 
ent states, it is desirable to keep the vineyard free of weeds, bushes, 
dirt, and other accumulations, and in fall place some artificial shelters, 
such as stray covers, about the vineyard on the ground, so that these 
can be burned in winter when the pest seeks them as a shelter in which 
to hibernate. 


INJURY TO RUSTIC CEDAR FENCES AND SUMMERHOUSES BY BORERS. 


May 24, 1900, Mr. J. Harold Austin, Lansdowne, Pa., complained 
of injury by ¢ eyilidian janthinum Lee., judging by his description, 
to a small rustic cabin, built of red cedar, at that place. During the 
past five years injury by C. janthinwm and some few other borers has 
been noticed by the writer to fences and summerhouses and other 
rustic buildings in many suburban homes and public resorts in the 
Vicinity of Washington, D. C. This borer, with Hylotrupes ligneus 
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Fab., was by far the most numerous, but other insects assist somewhat 
in the injury, among them Atimia confusa Say. The first or second 
year after the borers have begun work the woodwork is greatly 
marred by the exit holes which are left in the bark. 

May 13,1901, we received information from Dr. R. H. Lawton, 
together sat accompanying specimens, that /7Zylotrupes ligneus was 
the cause of considerable tr eablea in the cedars in his vicinity. March 
30 the beetles made their appearance in an office in that town and 
were very plentiful until the middle of April, when they disappeared. 
Dr. Lawton found in a basement a pile of cedar sticks from which 
the insects had emerged. ‘The sticks were badly damaged and fully 
accounted for the number of the beetles. 

There seems to be no practical remedy when cedar wood is used for 
outdoor ornamental purposes. If it were kept indoors for a season or 
more and saturated in April and May with gasoline, or some similar 
preparation, it might be kept free from infestation and in time the 
wood would be so dry that the borers would not attack it.—F. H. C. 


INEFFECTIVENESS OF KEROSENE EMULSION AGAINST WHITE GRUBS. 


One of the remedies which has been frequently suggested as of 
value against white grubs is the kerosene emulsion. Its use has been 
advised in various publications and in the correspondence of this 
Division. 

Kerosene emulsion diluted with 15 parts of water, applied to celery 
by Mr. Lull, formerly of this Division, in 1893, did not injure the 
plants, but killed the larvee of Adlorhina nitida which were at or near 
the surface of the ground, but apparently failed entirely to reach such 
larvee as were at a ‘depth of two inches or more beneath the surface. 
This matter was brought to the attention of the public in Bulletin No. 
10, in an article by Dr. Howard (p. 25). 

Mr. W. K. Shaw, acting upon our suggestion, tried kerosene 
emulsion against larve of Lachnosterna, presumably Lachnosterna 


Jusca, the common white grub of Massachusetts, in the vicinity of » 


Boston. He was at first of the opinion that it killed the small grubs 
but did not affect the larger ones. Later he could not see that the 
most careful use of this emulsion was effective against these white 
grubs. 

There is no doubt about the strength of the emulsion, as Mr. Shaw 
is a graduate of the Massachusetts Institute of Technology, and direc- 
tions for the preparation and application of this insecticide were fol- 
lowed implicitly, the ground having been thoroughly soaked, and in 
each case followed by an effective rain to wash the kerosene more 
thoroughly into the ground. 
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A NEW ENEMY TO FIGS IN MEXICO. 


Dr. Edward Palmer, when visiting Parras, in the State of Coahuila, 
Mexico, in the midsummer of 1898, was surprised to notice the 
destruction of the fig crop by an insect he had not known before to 
be injurious to that fruit. He saw in the different gardens trees 
loaded with figs in the various stages of ripening. Under the trees 
were many which had fallen, and which were dry and hard. Little 
plant bugs were noticed attacking the fruit as soon as it began to be 
soft and sweet. They inserted their beaks and sucked until all of the 
sweet moisture was extracted. The trees were covered with fruit in 
all stages of destruction, and the dried fruit on the ground showed 
the end of the whole crop. 

The fig was of the blue-black kind, a very prolific bearer, and quite 
sweet. There were no figs in the market, and the crop in that vicinity 
was practically destroyed. 

Dr. Palmer brought home specimens of the insect, but all were, 
unfortunately, immature. Mr. O. Heidemann examined them and 
found that they belonged to a species of Pyrrhocoride, coming nearest 
to Stenomacra marginella H. §. 


ON THE FOOD HABITS OF THE PAPABOTTE. 


Mr. G. H. Ellwanger, Rochester, N. Y., writes us under date of 
November 25 concerning food habits of the papabotte, which is Creole 
French for Bartram’s sandpiper, a bird somewhat more commonly 
known as the field, grass, or upland plover, which frequents our pas- 
tures and feeds on grasshoppers, crickets, and other insects. Accord- 
ing to our correspondent, this bird appears in Louisiana and Texas in 
large numbers about the middle of July, remaining until the latter 
part of September. Simultaneously with the advent of a species of 
** Spanish fly,” which also appears in great numbers, and which eats 
ravenously of various growing things. The papabotte feeds upon 
this insect and becomes very fat, acquiring a peculiar and very high 
flavor. But the flesh of the bird as a result of this diet is said to be 
sometimes poisonous, and also to be highly aphrodisiacal in its effects. 
A steward of one of the New Orleans clubs is quoted as stating that 
he found twenty-six of these Spanish flies in the stomach of a dozen 
birds examined. 

As there are upward of a score of common species of Meloide, or 
Spanish flies, better known as blister beetles in portions of Texas, and 
nearly all of these become periodically very numerous and destructive, 
it is impossible to specify the insect or insects preferred as a food by 
this bird. 
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ON THE INSECTIVOROUS HABITS OF SQUIRRELS. 


In writing of the natural enemies of Catocala mustosa, the larvee of 
which were observed to be injuring the foliage of pecan at Biloxi, 
Miss., Mr. James Brodie makes statement under date of June 19 that 
squirrels destroy these insects. June 28, he says his attention was 
called by his little girl to squirrels eating these caterpillars. At first 
he doubted, but watched and saw that it was as the child reported. 
One of the squirrels was partially tame and took nuts from his hand. 
A caterpillar was handed to this squirrel and it was eaten. In devour- 
ing a caterpflar the squirrel would take it in its paws, pull off the 
head and throw it away, while the viscera were expelled or drawn out 
and rejected, only the skin being eaten. Mr. Brodie also stated that 
the squirrels were fond of fungi. The squirrels observed eating 
insects were the common gray squirrel and the flying squirrel. One 
was observed devouring a large longicorn beetle, which was placed 
near it for the purpose. 


INSECT INJURY TO BINDING TWINE. 


We have received several complaints of injury by crickets and 
grasshoppers to binding or binder twine, which we are informed is 
used for stacking small grain in the field, a remedy or preventive being 
desired. During May, 1901, Mr. I. D. Sheaffer, Russell, Kans., and 
Miss Annette Bowman, Moscow, Idaho, wrote in regard to such 
injury. These are only two of several complaints. In no cases have 
we received specimens of the insects, nor have we been able to suggest 
any substance that would kill the insects or deter them from attack- 
ing the twine that would not at the same time be dangerous to those 
handling it. Poisons, of course, could not be used, and sticky sub- 
stances would also be objectionable, although, of course, they would 
prevent injury by the insects. 


TO RID CATS OF FLEAS. 


The following from a New York paper adds something new to our 
knowledge of the means of ridding domestic animals of fleas. This 
method would probably be equally effective in ridding small dogs and 
puppies of fleas. 


An excellent way to get rid of fleas is used by a lady in Chicago, who owns some of 
the best cats in America. She has ready a square of cotton batting and a square 
of cotton cloth, placing the cat in the center of the batting, which has been laid over 
the cloth; she rubs strong spirits of camphor quickly into the fur and then gathers 
the corners of the batting and cloth tight around the neck of the animal. She has a 
ine comb ready and a dish of hot water, for the pests, who detest the camphor, will 

n to the head of the cat, and must be combed out and plunged into the scalding 
water. Hundreds of them, however, will jump from the cat and lodge in the cotton 
batting, where their scaly feet stick in the cotton so that they can not get away. 
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When the fleas cease to ran out onto the head of the cat she judges that they have 
deserted the cat. The animal is then let out of the batting bag, and the latter care- 
fully carried to the kitchen and deposited in the stove. The scent of the camphor 
clings to the cat for some time and acts as a preventive. A whole cattery may be 
cleaned out in this way. 


A NEW REMEDY AGAINST PHYLLOXERA. 


Professor Vassiliere, in the Gironde, France, has for several years 
past met with good success in using calcium carbide against phylloxera. 

It is said to be superior for this purpose to bisulphide of carbon, 
both as to efficiency and absence of danger in handling. The cost also 
is less and it can be used in any season. It is sufficient to use the 
residue resulting from the manufacture of carbide of caleium, which 
is of little value otherwise and which is sold at about $2 for 220 pounds. 

For 1 hectare of vineyard land (1 hectare equivalent to 2.471 acres) 
about 1,100 pounds of carbide are required. The carbide pieces are 
put into holes in the ground, about 8 inches deep; water is poured in 
and the hole filled up again. The resulting vapors kill the phylloxera, 
while the ammonia generated manures the ground. Carbide is at 
present extensively used in the vineyards of southern France, and 
experts claim that it is the best remedy against phylloxera.—Richard 
Guenther, consul-general, Frankfort, Germany, May 28, 1901. 


A NOTE ON THE GLASSY-WINGED SHARPSHOOTER. 


(Homalodisca coagulata Say.) 


Mr. W. D. Hunter, special agent of this Division, while at Victoria, 
Tex., during May, 1901, wrote us on the 29th as follows concerning 
this insect, specimens of which he sent, and which he stated were 
feeding upen planted banana trees in great numbers: 

These insects feed upon the upper surface of the leaves and seem to prefer the cavity 
of the midrib, or that immediate vicinity, for their operations. I notice what was 
to me an interesting habit of these insects. While feeding during the portion of the 
day when the sun falls hottest upon the leaves of the plant, each one is continually, 
at intervals of only a few seconds, ejecting drops of liquid apparently from the anal 
aperture. These drops are large enough to be seen plainly at a distance of 15 feet 
and are forced out with such vigor that they go often as much as 12 inches in a 
straight line before beginning to fall. Where there are many of the insects upon a 
leaf a miniature rainfall is produced. Such a forcible ejection of honeydew, and in 
the case of insects outside of the Aphididze or Ceropidee, seems remarkable to me 
and may be of interest to you. 


ON THE ALLEGED IMMUNITY OF REDWOOD TO. ATTACK BY TERMITES. 


December 13, 1900, we received a communication through a firm of 
lumber merchants of San Francisco, Cal., which appears to indice te 
that the California redwood lumber is immune to the attack of white 
ants, or termites. Through the firm in question we received a letter 
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from Mr. J. E. Norton, dated December 4, relating to the resistance 
of this wood to the so-called Manila white ant or Annia. His letter 
is in substance as follows: 

In the latter part of 1898 I secured from a transport a piece of redwood board 
about 12 inches in length, which was placed beneath a pile of lumber in a yard at 
Manila. The spot was damp, and various pieces of timber all around showed 
evidence of the existence of the ant in abundance. This piece lay undisturbed for a 
period of five or six months, and when examined was found as sound as when put 
there, not haying been attacked by any insects. The Chinaman, owner of the lum- 
ber yard, was still doubtful, and undertook to get it eaten by putting it in different 
places under different conditions, such as on top of pieces already inhabited, between 
boards, and underneath piles, and finally, after three months, put the sample on 
exhibition in his office with the following placard: ‘‘ Madera Colorado de California, 
no se comen Annai.”’ 

The quartermaster’s lumber yard had piled for some four or five months a quantity 
of redwood, which upon my departure in October was still free from ants. 

John MacLeod, of Manila, has a room in one of his houses finished in redwood, 
constructed over fifteen years ago, and to this day three-fourths of the original 
amount remains still in good condition, one-fourth having been worn out and 
replaced by other lumber. 


THE BRAN-ARSENIC MASH AGAINST GRASSHOPPERS IN TEXAS. 


One of our correspondents, Mr. S. D. Harwell, Putnam, Callahan 
County, Tex., writes as follows in regard to the successful use of bran. 
arsenic mash as a remedy for grasshoppers in Texas: 

We are successfully using arsenic (for grasshoppers) at the following rates: 10 
pounds wheat bran, 13 gallons sorghum molasses, 1 pound arsenic. Make a thick 
mash, sow broadcast on infected ground, and it will surely kill them. I used 40 
pounds last year and made 49 bales cotton. My neighbors did not do anything and 
entirely lost their crop. 


TERMITES IN MEXICO. 


We received during August, 1900, from Prof. A. L. Herrera, chief 
of the commission of parasitology, Condensa 43, Mexico, D. F., Mex- 
ico, specimens of Calotermes castaneus Burm., a species widespread 
and commonly known in Mexico as ‘‘Palomilla de San Juan” (St. 
John’s Dove). It is so named from the belief that it puts in its first 
appearance on St. John’s day (June 24). It attacks wood and causes 
serious injury. Two hundred were collected in one room, attracted by 
a light placed in a vessel containing water. The insects fell into the 
latter and were drowned. 


AN ENTOMOLOGICAL SERVICE IN MEXICO. 


The Mexican Government proposes to start work in economic 
entomology under official auspices at an early date. Prof. A. L. 
Herrera, at present zoologist in the Museo Nacional, is to be ‘‘jefe 
efectivo,” and Mr. O. W. Barrett is to be first assistant. The first 
work will be an investigation of the distribution of the Mexican 
orange worm (Zrypeta ludens) and the best measures to be used 
against it. 


97 
NOTES FROM CORRESPONDENCE. . 


Remedies against ants.—Mr. J. B. Blandy, of Funchal, Madeira, writes that 
the following remedy is used in houses in Funchal against ants: Tartar emetic, 10 
grams; white sugar, 100 grams; water, 1,000 grams. Mix the sugar and water well and 
put on the fire until it boils, then let it cool, add the tartar emetic and dissolve it 
equally. Set about in tins or other receptacles covered with wire netting for fear of 
injuring cats or dogs. 

Mrs. Conklin, Perris, Cal., writes under date of October 27, 1900, that in her 
experience an application of corrosive sublimate applied with a brush to the edges, 
back, sides, and crevices of shelyes in what is known as an adobe cool room, van- 
ished ants for an entire season. Nests in gardens were destroyed with bisulphide of 
carbon, as recommended by this Division in Bulletin No. 4, on household insects, 
and Circular No. 34. 

A troublesome ant.—Mr. John F. Wielandy, a fruit grower of Santa Fe, N. Mex., 
and an old correspondent of this Division, wrote under date of June 14, 1900, that a 
red ant, known as Pogonomyrmex barbatus, specimens of which were inclosed, was < 
most pugnacious and ill-natured insect; that its bite was far more painful to many 
persons than the sting of a bee or hornet. It is locally known as fire ant, and has 
never been known to foster aphids, as is the case with so many other species of ants. 

Migration of the Western willow flea-beetle.—Concerning the flea-beetle, 
Disonycha quinquevittata, of which Mr. Herbert Brown, Yuma, Ariz., wrote some 
months ago (see Bulletin No. 18, n. s., p. 100), our correspondent writes under date 
of December 21, 1899, that these beetles were again observed migrating in that year, 
this time coming down the Gila River and going in the direction of the Colorado. 
They moved November 3 and 4 in a belt apparently not more than 100 yards wide, 
and continued doing so during the two days mentioned. When observed they were 
usually flying about 4 feet above the earth and never more than about 20 feet high. 

The grapevine Fidia in Illinois.—Writing May 11, 1900, Mr. J. L. Lampe, jr., 
Bloomington, McLean County, IIl., states that the grapevine Fidia (Fidia viticida 
Walsh. ) in his part of the State had done serious injury to vineyards. Damage was 
attributed by many growers to the severe winter of 1898 to 1899, which they thought 
killed the vines, but our correspondent was certain that this was a mistaken idea 
and that the vineyards were in reality ruined by this beetle, as he had observed con- 
ditions closely and had been in correspondence with Mr. F. M. Webster, of the Ohio 
experiment station. What was leit of his once fine vineyard he stated he would 
experiment on with arsenate of lead, other insecticides seeming to have no effect. 

Beetles occurring about “smelting works.—October 18, 1900, Mr. Carroll 
Fowler, of the agricultural experiment station at Berkeley, Cal., sent specimens of 
the Buprestid beetles, Welanophila longipes Say and M. consputa Lee., with the accom- 
panying information that they were reported to him to have been collected at Cala- 
veras, Cal., September 2 of that year, in the immediate neighborhood of smelting 
works. These beetles were said to rest frequently on the hot slag and appeared to 
delight in the fumes of the smelting works. 

A snout-beetle injuring guava in Porto Rico.—Writing July 30, 1900, Mr. | 
J. W. Van Leenhoff sent specimens of the snout beetle Diaprepes abbreviatus with the 
information that they were met with in considerable numbers attacking the young 
plants of guava grown for shade, and according to report were attacking also young 
coffee plants. The young plants of guava were eaten bare of their leaves. They 
were kept in subjection by hand picking, the beetles as fast as caught being placed 
in a wide-mouthed bottle and afterwards burned. 

This beetle is a rather striking species and plainly exotic from its appearance, not 
being known to occur in the United States. It measures, with the short snout, 
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upward of half an inch in length, is black in color, with pale yellow elytra striped 
with black, and a yellow spot on each side of the thorax. 

Reported injury by the oil beetle, Meloé impressus Kirby.—January 12, 
1900, Miss Mary E. Murtfeldt, Kirkwood, Mo., sent a specimen of this species with 
the statement that it had been received from a correspondent in Missouri, with 
report that it was ‘‘eating wheat and rye to the ground in patches from the size of a 
dinner plate to that of a table, right through frost and sleet, as though nothing was 
wrong.’’ The determination of the species is by comparison with specimens in the 
national collection. When this genus Meloé is given further study it may possibly 
prove to be a distinct form. Various species of Meloé are known to appear above 
ground during mild days in winter and early spring, and whenever they appear they 
usually occur in numbers. 

Injury to apple leaves by the caterpillar of Euclea peenulata Clem.— August 
15 Mr. H. G. Mitchell sent the beautiful larvee of this limacodid moth with report 
that they were destroying the leaves of apple trees at Tuscaloosa, Ala. This insect is 
a well-known enemy of willow and its occurrence on apple is noteworthy. 

Injury by Lygus invitus Say.—June 19, 1901, we received through Mr. E. 8. 
Gott from Mr. W. T. Innis, Ripon, Wis., specimens of Lygus invitus Say, a near rela- 
tive of the tarnished plant-bug (Lygus pratensis), with report that this bug was 
destructive to peaches last season in that vicinity. The bug evidently sucked the 
juices from the young fruits, causing them to shrivel and perish. This is the first 
instance of injury by this species with which we are at present acquainted, 

The box-elder plant-bug (Leptocoris trivittatus Say) in Iowa.—April 8, 
1901, Mr. J. H. Hill, Elkader, Iowa, sent specimens of this bug, with accompanying 
information that it made its appearance in that vicinity about four years ago, and 
although apparently harmless it had so increased in numbers as to have become an 
intolerable nuisance indoors. During warm weather the bugs inhabited the trees, 
but on the approach of winter they would creep into houses or wherever they could 
find shelter. At the time of writing, the county court-house resembled a beehive, 
inside and out. 

A European plant-louse introduced in Massachusetts.—June 22, 1900, Mr. 
Samuel R. Thompson, Globe Village, Worcester County, Mass., wrote from Stur- 
bridge, of the same State, transmitting specimens of twigs of peach infested with 
Aphis persice Koch. 


O 


U.S DEPARTMENT OF AGRICULTURE, 
“DIVISION OF .ENTOMOLOGY—BULLETIN NO. 31, NEW. SERIES. 


{ L. O. HOWARD, Chief of Division. 


PROCEEDINGS 


OF THE 


THIRTEENTH ANNUAL MEETING 


~ ASMUPLATION. OF OONDNIE-BYTOMIOLOGINTS 


OF THE 


WASHINGTON: 
GOVERNMENT PRINTING OFFICE. 


1902. 


i 


ams. we 


oe eats sstanite: ie Ss. Clifton, F, C. Pratt, Aug: Basei, Otto Jo Heidensinn, A 
SS J Soe 


Uso, DEPARTMENT OF AGRICULTURE, 
DIVISION OF ENTOMOLOGY—BULLETIN NO. 31, NEW. SERIES. 


L. O. HOWARD, Chief of Division. 


PROCHHDINGS 


OF THE 


THIRTEENTH ANNUAL MEETING 


OF THE 


ASSOCIATION UF ECONOMIC EMTOMOLOGINTS 


WASHINGTON: 
GOVERNMENT PRINTING OFFICE. 


Vas pA 


LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
DIVISION OF ENTOMOLOGY, 
Washington, D. C., December 3, 1901, 
Str: I have the honor to transmit herewith the manuseript of the 
Proceedings of the Thirteenth Annual Meeting of the Association of 
Economie Entomologists, which was held at Denver, Colo., August 2: 
and 24, 1901. From the fact that the papers presented at the meet- 
ings of the Association are always of great economic importanee, the 
Department has hitherto published the secretary’s reports as bulletins 
of this Division; I therefore recommend the publication of the present 
report as Bulletin No. 51, new series. 
Respectfully,” 
L. O/. Wowarp, Entomologist. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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THIRTEENTH ANNUAL MEETING OF THE ASSOCIATION OF 
ECONOMIC ENTOMOLOGISTS. 


MORNING SESSION, FRIDAY, AUGUST 23, 1901. 


The Association met in room No. 3, Denver High School Building, 
Denver, Colo., af 10 a. m. August 23, 1901. 

The following members were in attendance at the sessions: 

William H. Ashmead, Washington, D. C.; Lawrence Bruner, Lin- 
coln, Nebr.; E. D. Ball, Fort Collins, Colo.; A. N. Caudell, Washing- 
ton, D. C.; Richard 8. Clifton, Washington, D. C.; T. D. A. Coekerell, 
Mesilla Park, N. Mex.; E. M. Ehrhorn, Mountainview, Cal.; E. P. Felt, 
Albany, N. Y.; C. P. Gillette, Fort Collins, Colo.; A. D. Hopkins, 
Morgantown, W. Va.; W. J. Holland, Pittsburg, Pa.; L. O. Howard, 
Washington, D. C.; W. D. Hunter, Washington, D. C.; Vernon IL. 
Kellogg, Stanford University, Cal.; W. M. Seott, Atlanta, Ga. 

The meeting was called to order by President C. P. Gillette, who 
announced that the absence of Secretary A. L. Quaintance necessi- 
tated the election of a temporary secretary. Upon motion of Dr. 
Howard, W. M. Seott was elected. 

After calling Mr. Hopkins to the chair, President Gillette delivered 
the annual address, which follows: 


LIFE HISTORY STUDIES ON THE CODLING MOTH. 
By C. P. GILLETTE, Fort Collins, Colo. 


FELLOW-WORKERS: It is nosmall honor that you confer upon Colo- 
rado in coming for the first time to the Queen City of the West at the 
beginning of the new century—the Utopian century for all true sci- 
entific thought and the highest human development. Never before 
have you met so far away from the time-honored centers of learning 
in the East. To-day we are met at the very feet of the Rocky Moun- 
tains and in plain view of their eternal snows, which give freshness 
to our mountain air and unite the waters that feed the two oceans 
that wash our shores. You have not come in search of health or pleas- 
ure, aS many do, but in the interest of science, whose one object is to 
search out the abiding truths of the Creator; and that branch of sei- 
ence which has for its object to make ‘‘two spears of grass grow where 
one grew before.” The object is a most worthy one. May our ses- 
sions in this place be marked with an unusual degree of harmony and 
enthusiasm, which shall cause each to return to his field of labor with 
a new and deeper interest in his work. 
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In the address which it became my duty to deliver before this asso- 
ciation one year ago I took occasion to emphasize the importance of 
more life-history study and a greater degree of cooperation in our 
work. As I exhausted my store of good advice at that meeting, and 
wish to seem to practice what I preach, I have concluded to offer at 
this time the results of some life-history studies on one of our longest, 
if not best, known insects—the codling moth. In this work I have 
received much kindly assistance from members of this Association and 
others who have auswered my questions, and in some cases have put 
themselves to considerable trouble to collect data and make observa- 
tions for me in their several localities. 

Probably every member of this Association has been disappointed 
and surprised many times at finding the lack of positive knowledge 
in regard to certain portions of the life habits of our longest known 
insect pests. It is not necessary to discover a new insect, friend or 
enemy, in order to do good original work of the highest value. 

The codling moth undoubtedly causes greater annual loss in Colo- 
rado than any other insect, unless it be the two-lined locust (JJelano- 
plus bivittatus). Our topographical and climatic conditions, with the 
plains in the east and the mountains in the west, are extremely varied, 
and there is a popular opinion among many of our orchardists that 
the habits of the codling moth in Colorado are not to be compared 
with the habits of the same insect in the Eastern portion of the country. 
For these reasons, chiefly, my studies of this insect began, one of the 
main objects being to determine whether or not there are more broods 
in the warmer portions of the State, where the tenderer fruits are 
grown, than in the northern parts and in the East. In some ways 
this report will be one of progress only, as the work is not completed. 

A few years ago we were telling orchardists that the codling moth 
lays its eggs in the calyces of the apples, and we might have been 
doing so yet had not Washburn corrected us. We were in error, and 
the fruit growers know it, and have lost confidence to some extent in 
the correctness of our statements. They do not know but what we 
are equally liable to be in error in regard to any other matter regarding 
the life habits of an insect where our statements seem to them doubt- 
ful or mysterious. I can not help wondering if some, yes, many of 
us, have not been equally careless in our statements as to the number 
of broods of the codling moth in our several States. It is often easier 
to accept the opinion of another than to verify its correctness. To be 
a thorough scientist one must be a good doubter, or at least questioner 
and thinker. Not always gainsaying the statements of others, but 
always ready to inquire into the basis of belief even of the most 
stereotyped ideas. 

Riley,! knowing there existed a difference of opinion as to the num- 
ber of broods of the codling moth in different portions of the coun- 
try, made a special study of the insect in Missouri, and announced, 
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in 1872, that ‘‘At all events this insect is invariably double-brooded 
in the latitude of St. Louis,” and expressed his doubts of its being 
single-brooded in New England. The year following Le Baron,! in 
speaking of the codling moth, says, ‘‘It is universally double brooded 
at the West; at least, in all parts of the State of Illinois and farther 

-south.” In recent years we have had the number of broods estimated 
by different entomologists, in various parts of our country, all the way 
from one to four, with variations in the form of ‘‘ partial broods” 
thrown in. In fact it has almost become the custom to announce that 
in one’s locality the codling moth is one-brooded with a partial second, 
or two-brooded with a partial third, and even three-brooded with a 
partial fourth. So far as my experience has gone, the insects with 
which I have had to deal have been very uniform in the number of 
life eyeles through which a species-passes during a year, and I recall 
no instance in my experience where an insect normally possessed an 
annual or otherwise regular fractional brood, and I am unable to find 
any published data giving strong evidence of such a brood of the 
codling moth in this country, except that from Dr. Smith, published 
in Entomological News (Vol. V, p. 284). Dr. Smith was unable for 
several years in succession to obtain any moths of the second brood 
in his breeding cages, though wormy apples continued to appear in 
the orchards in September and October. 

In a recent letter from Dr. Smith he states that there is a partial 
second brood of the codling moth at New Brunswick, N. J., the larvee of 
which attack, chiefly, pears of two varieties—Kieffer and J apan 
Golden Russet. The fact that at least a partial second brood occurs 
at New Brunswick makes me wonder if two full broods do not regularly 
occur under normal conditions in the orchard. It is a point upon 
which we should have more data both at New Brunswick and in other 
northern apple-growing districts where it has been supposed less than 
two annual broods occur. Larimer County, Colorado, is at the north- 
ern limit of successful apple-growing within the State, yet the codling 
moth appears to have been regularly two-brooded there during our 
studies upon its life history for the past three years at least, and I 
have been able to find no adequate evidence of even a partial addi- 
tional brood in the warmer valleys in the mountainous districts, 
where peaches, apricots, nectarines, and the tender varieties of Cali- 
fornia grapes are grown to perfection. In breeding large numbers of 
insects of any species it is not surprising to obtain an occasional 
individual out of season. We have had a very few such instances in 
rearing many hundreds of the codling moth, but not enough to desig- 
nate them as a partial brood. | For example, three larve appeared in 
our cages before July 15, that remained larvee over winter. I con- 
sidered these mere stragglers that in some manner had been pre- 
vented from undergoing their life cycle in a normal manner. 
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That there is probable error in some of the announcements as to the 
number of broods of this insect is further evidenced in the fact that 
I have received opinions of entomologists of equally good standing in 
which they estimate the number of life cycles differently by two broods 
in the same locality. Both can not be correct. 

Again, if the eodling moth is partial-brooded in a locality, it seems 
improbable that we should find it uniformly passing the winter in the 
larval state, yet all authorities seem to agree that such is the case. 


HOW TO DETERMINE THE NUMBER OF BROODS. 


_It is not a simple problem to determine the number of broods of the 
codling moth where there are more than one. As the insect always 
winters as a larva, it must be double brooded, at least, if all the larvee 
of the first brood of worms feeding in the fruit change to the pupa 
state soon after leaving the apples. Care should be taken to obtain 
first-brood larvze, however, and if they do not change in breeding 
cages, bands should be left upon the trees for two weeks at least, and 
then the cocoons opened to see if any contain pupe. If a good num- 
ber of larvee are obtained and none transform under natural condi- 
tions, it is fair to conelude that the insect is single brooded in that — 
place. According to my experience the first-brood larvee will eon- 
tinue to appear for fully one month before those of the second brood 
will begin to arrive. 

The time occupied by the codling moth in passing through its com- 
plete round of development during the summer will average about 
seven weeks. Then if we know when the first larvee appear in the 
spring and when the latest ones cease to appear in the fall in a given 
locality, it will be a very simple mathematical computation to deter- 
mine a theoretical number of broods for the season, but it will be no 
evidence whatever that such a number exists, unless we know that all 
the eggs of a brood are deposited at one time and that all the indi- 
viduals of the brood run their course at the same rate. We know 
these conditions never occur in ease of the codling moth. The prob- 
lem we have to solve is one in which many runners are to cover a Gir- 
cular course one or more times; they run at widely varying speeds, 
and some of the earliest to start will go around once before the late 
individuals make their start. Wesuppose all are to cover the course 
the same number of times, and we are to find that number and also 
learn whether the number is the same for all. Then what must we 
know in order to determine our unknown quantities? We must know 
the beginning and the end of the period during which the insect starts 
upon its various rounds of development, and we must know the range 
of time in completing that cycle; then we must know whether those 
that complete one circuit start upon thenext. If one starts upon the 
course, it goes completely around—at least we know no exceptions to 
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the rule. Then if the data gathered is sufficient toexplain the entire 
occurrence of the insect for the year, we have no occasion to introduce 
partial broods. In fact I think their existence should only be 
announced upon the most positive evidence. 

While the data that I have to offer in this address bear chiefly upon 
the matter of broods of the codiing moth, I have not confined myself 
to that feature of its life history, and shall give such records and 
observations as I think may be of interest from our studies of this 


insect. 
SPRING: BROOD OF LARVZ AND PUP. 


In our early spring studies of this insect we have always found it as 
a larva in all portions of Colorado. It begins to pupate freely just 
prior to the blooming of the apple trees, at which time, also, the earliest 
moths may be taken. The date of pupation varies greatly. Those 
upon the south side of trees pupate earlier than those upon the north, 
while others going into the earth about the base of the tree (which many 
do) or deep into some checked trunk or rotten stump change still 
later. The time spent inthe pupa state by this brood has varied with 
us from 15 to 68 days, and the time has been as long in the Grand 
Valley as at Fort Collins. 

April 25 of the present year the writer took 285 larve and 7 pup 
of the codling moth under bands in an orchard at Fort Collins. May 
10, when the early trees were in bloom, he took 33 larvee and 4 pupe. 
From the latter date pupation took place much more rapidly. 


SPRING MIGRATIONS OF THE LARVZ. 


I think it was in the spring of 1899 that I was told that a man living 
near Grand Junction had put bands upon his apple trees in February, 
and taken many larvee of the-codling moth under them. The follow- 
ing spring I requested parties in Rockyford, Grand Junction, Canon 
City, Edgewater, and Fort Collins to place at least 10 bands upon trees 
early in spring, to be examined weekly and report results. From 
all these bands but 6 larve were taken. The past spring I was in 
Grand Junction when Mr. Silmon Smith was removing bands to cateh 
the migrating larvee (May 8), and he reported 53 worms from 295 
bands remaining on two weeks. I also addressed a letter to Mr. 
W. H. Barber, of Grand Junction, who it was said had been very 
successful in taking the larve, and he reported taking 307 larvee 
April 2 and 409 April 17 from 2,500 bands. So there is a small per- 
centage. of the larve that seek a new place for pupation in the spring, 
but the number is usually so small that it seems doubtful if it will 
often be a matter of economy to attempt to capture them under bands. 
I can not vouch for the identification of larve in the last instance, but 
if they were all of the codling moth, working the bands must have 
paid well. , 
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SPRING BROOD OF MOTHS. 


At Fort Collins moths have been captured out of doors as early as 
April 26, long before apple trees were in bloom. Ourearliest records 
for other portions of the State are as follows: Grand Junction, May 7; 
Canon City, May 5; Rockyford, May 10. 

Moths from larve brought into the laboratory during April and 
May have continued to appear in good- numbers to June at Fort 
Collins, and moths have continued to appear in cellar breeding cages 
to July 2 The early larve and pupe taken at Grand Junction by 
Mr. Silmon Smith continued to give moths till June 1, those taken 
at Canon City by Dr. Peare gave moths till June 24, and those taken 
at Rockyford by Mr. H. H. Griffin emerged till June 8. In none of 
these cases was any special attempt made to get the latest appearing 
moths for the locality. The extreme range in time of appearance of 
the first brood moths in our cages at Fort Collins in 1900 was 69 days. 

The following table, giving the dates at which the codling moth 
appears in its different stages in different parts of Colorado and in 
some other States, may be of interest for comparison, although there 
are many blanks that can not be filled at present: 
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TABLE I.—Dates of transformations of the codling moth in different places. 


Moths Eggs of fir st Lar vee of first 
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Locality. Veer | Be | < 
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Grand junction; Colo... 2s ee eS Mayon G||s Meryl S| eee ees June 5/| July 5 
ROCK VIOLOs COLO Sia i 222 Eee eee eee te May. 0" | eee | ees June 15 |_...do-_-- 
GanoniCity. COLO: se 5-5 ae ae ee ems 1 Eh ies een ee naa, SO Poe yee 
Corvallis; Orde <<. lors tl ee ee ee | May 16) June 20) | ce ee ee eee 
ING WHE TUNnB WICK IN tls ces ce or ee ee tae cease Proc 3 duly" 20 ees See 
Moarean towns W.Va renee eee ee ae ee = esl | eens | ree ee ee JUNG'S [ana sn eee 
UDRECANNE Week soe ole | May 3/| June26 July, Ay hoe 
Lincoln, Nebr -..-- --- | May — | June 3 |--_------ Junei2z0 ese 
Denver, Colo - Cpl ae nag he ia et ee ee) (ee at a PS ee oe ER ee July 3° July 21 
Marhiollins) Golo ies Lhe aodte sk nd May 5|{ June 9! July’ 3 | June28 | July 25 
St. Louis, Mh uktee “yc = Misys ffi secre ets oe June23 July 8 
Northern Illinois........______- x a Bae Ve Bs es eo 
| | 
Moths of Recon sof | Larve of Sataed 
brood. Bees of brood. 
Locality. brood | | Authority. 
ae Gallary xpos el IRM tge fe FES 
irst. | Last Bent PEE common. 
Mesilla Park, N. Mex June 26 | =--a=- 2--)) D1. .Ay Cockerelhs 
Grand Junction, Colo. _..__- June 28 Silmon Smith. 
Rockyford, Colo --- July 5 H. H. Griffin. 
Canon City,'Colo....+- -2..2- July 15 [a J. Peare. 
Corvallis; Orep= e220 <== .54-22 Aug. 1 L. Washburn 
| Toa B. Cordley. 
NO WADPUnS WICK ON; gis <set so |eeaae Wall etree eee bemetacas oe ese cee Be amore PO emesr ech tel ale 
Morgantown, W.Va. See tae Se EE oe ae ee | bee ae a ere eae Wetesse cee! A. De HOpking: 
Ethaca;N: Nes. 2 - Swe naeinwts| eb oe Sheed es ee Sa ee | ne M. V. Slingerland. 
Lincoln, Nebr. _... DULY 2B rece ee ee ose ee ee eee F.W. Card. 
Denver, Colo - 23 aay 2 | SRR 2 il eee ere | ees Sept. 5 | David Brothers. 
Fort Collins, Colo. - .-| July 13 | Sept.1 ao id Aug. 3 | Sept.12 | C.P. Gillette. 
St. Louis, Mo - att Jlw8 lees ye See hes Aug: —="|252 sae C. V. Riley. ® 
Northern Illinois ..... ...... July 15! So alee Ae Oe eee | eee ee | W. Le Baren. 
| 


1On or before. 


2 Estimated by writer. 


% First Missouri report. 
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DURATION OF SPRING BROOD OF MOTHS. 


Of the 12 males kept in breeding cages 2 died on the second day, 5 
upon the third, 1 on the fourth, 2 on the fifth, 3 on the sixth, and 1 
on the seventh; an average of a trifleover 4 days. Of 7 females 1 died 
on the sixth day, 3 on the seventh, 2 on the ninth, and 1 on the thir- 
teenth; an average of a little over 8 days. Fully half of the females 
in breeding cages did not lay eggs at all. 


SPRING BROOD OF EGGS. 


The starting point of the first brood can better be taken at egg lay- 
ing than from the appearance of the moths. The moths that appear 
very early are compelled to wait for oviposition until apples are ready 
to receive their eggs. The earliest that eggs have been observed at 
Fort Collins was June 9, 1900. This year they were not found until 
June 19. They became increasingly abundant until they reached 
their maximum about July 3, and by July 21 it was almost impossible 
to find an unhatched egg. By July 27 a noticeable increase had started 
again, marking the beginning of the second brood. 

Professor Cockerell records eggs as early as May 4 at Mesilla Park, 
N. Mex. At Grand Junetion, Colo., I found them in small numbers 
May 25, 1900, and estimated that they might have occurred as early as 
the 18th of the month. Slingerland records them on May 26 at Ithaca, 
N. Y., and Card gives June 3 as the earliest date known to him for 
the appearance of the eggs in Nebraska. One is not liable to discover 
the first eggs laid by the codling moth, so it is likely that any of the 
above dates may be too late for the earliest eggs, and the dates in 
a given locality will vary in different seasons with the date of the 
blooming of the apple trees. This is so important a date to have from 
which to work in studying the life history of the codling moth that I 
offer the following table, giving the dates at which apple trees bloom 
in different portions of the country. It is chiefly compiled from 
answers to letters which I have sent out. 


TasBLeE Il.—Dates at which Pigs trees bloom +n different localities. 


Locality. Date of bloom. Informant. 
Reno, Neve SER eee Mar Z0-Aprsl0mcsasco- Seaeceaeaes echoes chee mess R. Lewers. 
Cor vallis, Ore rarer eee sn aT Op ADI Oso 2e2 onan cs Seeeee eee ele .| A. B. Cordley. 
Mirigraniilen ess ISON Ses Ae eS aE TE ee ee Bee Oablair: 
peau e MOM, COL. sel ADRalo-eis seer c= ete on ee eee oe oe CP. Gillette: 
SOMLUerMeNCwWrdleLsey 25 || ADIe0 ess ns 5 oa een ene oe 2 oeeas sh oeee ee =| di omMith: 
Molim bia Mor 2127522... = ADT ACOSTA Veo ese aoe ea oe eee een es J.M.Stedman. 
Blacksburg, Va---.--.------ UATE eM) ee eet, Be Is a Ro eg ee J.L. Phillips. 
Lafayette, Ind_._..--.--.--. Y NYO) ays ee oP EE ee on J.Troop. 
MincolnyNOprie. 22: 5552.5. ApPri2ioMaAy 2 -- ne sssn eee oe ae =| uawrence Bruner: 
Rockytord, Colo.._2-------- FACIE OR pene ce ete cea tae Seton ee ese H. H. Griffin. 
Cone Core aT Ke Vi Gemeente ATT aoc cme nok ee Coe CE sn ce |W. G. Johnson: 
IS oyaeiaws Te IN Woy hs yeaa te I aad als ee ae eee a ee ee R. A. Cooley. 
Morgantown, W. Va----_---. aya 1 eee ei nn eee ee ALD Hopkins: 
Cornell) NAVs 2-2-2. Wiepy lO Rae etre Sere meer eS Sek een ee M. V.Slingerland. 
GrenevaoNaWwie os coese- = bes IVER VA Nee eee ee ee or eee Te Vebeowe: 
Fort Collins, Colo_—....---- IV Siva y= peepee eer nok oe en ae sek oe yo poe C.P. Gillette. 
NMaOster OniO= e925 G-_ Wee MD We ee See SD ae ee ee F. M. Webster. 
(Orpinvorn (Citing (G7a) Ros SS EN a) 0 AO ee De nee R. J. Peare. 
Mansing. Michi 5-8 ==. 25 Marval (alae ge sec Se ee ee ede nef dae Reacts 
QR Sig (OPA GY = SMES SEES Wik) (00 bi Se ee ee ee ae eee eee J. Fletcher. 
MOSCOW, Lan. sse2-- = oc8 Waal Dee sere eee io nee ee he CS Aldrich: 
Burlington, Witp oo: << 25, IT cave be Sate Bee Se ea a a Se, on G.H. Perkins. 
Madison? Wis -2- 2224-220: AV Syl pees eee ee <5 MS SES EE OS E.S. Goff. 
Orono, Mo co cece: eae May 20 pase =e Nes ae ae ORR oe = oS W. M. Munson. 


1 Evidently a inte season. 
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The time elapsing between the emergence of the moth and the depo- 
sition of eggs in the cages has varied between | and 9 days, with an 
average of 6.7 days. 

The number of eggs laid in confinement has varied between 2 and 
50, and nearly every one has hatched except where males were not 
confined with the female. Of 65 eggs inelosed in paper sacks upon 
the trees only 2 failed to hatch. | Nearly all the eggs seem to be fertile 
‘at Fort Collins, but at the same time there are many more eggshells 
to be found upon the apples than worm holes in them, which would 
indicate a large mortality among the small worms. Jn our counts we 
have found nearly 90 per cent of these eggs upon the free surface of 
the apples and the remainder upon the leaves. 


CHANGES IN THE EGG DURING INCUBATION. 


When the egg is first laid it is of a pearly white color. Later 
there appears upon it a faint red ring, marking the position of the 
forming embryo. <A day later this ring becomes more distinct and 
later disappears, and in its stead there is a dark central spot, produced 
by the black head and cervical shield of the embryo. When the larve 
leaves the egg the remaining shell appears like a fresh egg, except 
that it is very flat and along one side the slit from which the larva 
made its exit can usually be seen. Notes by an assistant, Mr. E. P. 
Taylor, upon 57 freshly laid eggs show that the red ring appears upon 
the second or third day after the egg is laid, the disappearance of the 
ring and the appearance of the dark spot 2 to 3 days later, and the 
hatching of the egg on the first or second day after the appearance of 
the dark spot. These eggs were deposited in the breeding cages. 
Eggs observed in the orchard required about 1 day more to hateh, 
probably on account of the lower temperature during night, making 
the average incubation period 7 and a fraction days. Riley gave this 
period as from 4 to 10 days, Washburn as 5 to 10 days, and Slinger- 
land as about a week. We have found the time to vary between 6 
and 8 days in the laboratory where the temperature ranged between 
68° during the night and 75° during the middle of the day. For eggs 
kept in a greenhouse where the temperature ran to 110° during the 
middle of the day, the hatching period was 6 days. The records of 
the hatching of eggs in these two rooms is as follows: 


TABLE II1.—Comparison of egg-hatching records in a cool and a hot room. 
1 yy & ( 


Cool room; temper- | Hot room in green- 
ature, between 68° | house; tempera- 
| and 75° F. ture,110° at midday. 
INDUINDOMOL OP RS if a045 2s. aceee aes hace eee eens LD Socata tee ae aee 15. 
Big os lajig! ce Se Aa ee ae es eee ee oe Aug. 11 (night) ---_-- Aug. 11 (night). 
Distmotredwrings ssh Se ee ee eee Angvis.ses.c 5 Aug. 14. 
Dari Centereach san cane eae tac eee eee 2. 22) | A es Aug. 16. 
Hatched) <s2-28e 2-3 oe vai ee ae oe ee ee ee Aug. 18 (morning) -- Aug. 17 (evening). 


Eleven eggs hatched in each of the above lots, the difference in 
time being from evening one day to morning of the next. The time 
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in the greenhouse was 6 days and in the cool room 63 days. The eggs 
were all laid in a breeding cage upon one apple on the night of 
August 11. | 
It would seem from this test that if the temperature of the egg is 
kept above 68° an increase of temperature will not greatly hasten 
development. 
SUMMER BROOD OF LARV#. 


Our observations upon the very early larval habits have not differed 
materially from those made by Card and Slingerland, except that we 
have not found any indications of their feeding upon the surface of 
the leaves. The earliest that we have ever taken larve of this brood 
at Fort Collins has been June 28. This year the first capture under 
bands was July 1. The earliest record at Grand Junction is June 5, 
and at Rockyford and Canon City June 15; the earliest at Denver 
July 3. Professor Card’s record for earliest larvee of summer brood at 
Lineoln, Nebr., was June 20, and Professor Slingerland’s for Ithaea, 
N. Y., was July 1. Dr. Smith wrote me July 20 of this year that the 
eodling moth larve were just beginning to descend for pupation at 
New Brunswick, N. J., and Dr. Hopkins, of Morgantown, W. Va., 
recently wrote that the larvee were just beginning to descend there on 
June 20. Professor Cockerell, in 1897, at Mesilla Park, N. Mex., 
found larvee of this brood deseending May 51. This is the earliest 
record known to me. If there are four broods of this insect anywhere 
in the United States, Iam sure it should be at Mesilla Park. 

The earliest that we have taken larve of the second brood at Fort 
Collins is August 3. In each of these localities the number of larve 
which will live over winter as such increases rapidly in a few days 
after the above dates. At Grand Junction pupation practically ceases 
by August 10, at Rockyford by August 20, at Canon City by August 
21, and at Fort Collins by August 30 (see Table IV). 

TaBLE IV.—Table showing proportions of larve, taken at different dates, that live 
over winter before pupating. 


Ais Rea ar te . Number 
Locality. sae agers were teeta ca hiber- Record by-— 
sa a * | nating. 
Grand Junetion,.Colo..........-- ---.| July 16-23, 1900. ..-...- 33 1 
July 24-30, 1900_._...- 534] 3 
July 3l-Aug. 6, 1900 _- 60 8 
SNC Pe ST Le | eel - Silmon Smith. 
Aug. 13-20, 1900____..- + 79 78 
Aug. 21-29, 1960 _.--..- 130 130 
Aug. 30-Sept. 4, 1900_- 192 | 192 
mockytord, Colo: 2. 22-.8.-2- <= 25. =<. 2|' Age: I-6; 19000 =.=... 22 5 
| etme Stel al 
Aug. 12-14, 1900_-_...- 5 14 
‘Aug. 15-21, 1900. ._...- 66 56 ( H.-H. Griffin. 
Aug. 22-28, 1900----..- 115 | 115 
Aug. 29-Sept. 6, 1900_- 80 | 80 
Canon City, Coloy...--.. sae. 22.25 2 daly SOS BO0 eee e ne 2 25 | 0 | 
ug. 1-13, 1899__.... _- 70 | 30 2 
Aug. 14-20, 1899... 50 | Z4p4f oh Care: 
Aug. 21-28, 1899. ._..__| 100 99 i 


Mr. David Brothers, of Edgewater, near Denver, published the rec- 
ord of his captures of codling moth larve in his orchard during the 
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summer of 1900 in a Denver daily about January 15, 1901. I have a 
clipping only, and do not know the exact date that it was published, 
nor the paper in which it appeared. The record is as follows: 


TABLE V.—Larve taken under bands by David Brothers, Edgewater, Colo. 


ed Worms | Average 

Bands removed. taken. | per day. 
Alb ge ee ae ee ee ee oe PE ee Pe een nae || 200") 2-2 eee 
Fi Rvs Fy ee eee ei ieee ere Soke eo) 997 90 
PATIOTISU a aoe ae ee Se eee Re RE Se Se eee 747 42 
ATI SUS Meda ee oS CO ee Se ee ee Pe ne eee eee | 213 21 
SU OTIST ok Seo cia Sk mene amen St Sen See ne aa Rac ee ee ee ae ea 602 60 
Septomper4—o.. oes. feo ao See ne he ee ee cere ee ae ene) See ee eee se eee | 2, 220 171 
September, last: weok-...2-<<-\)2ss22.as22 ys Se ee Be oe ee ee eee ee a 88 


a Approximately. 


The following record, kept by an assistant, Mr. Titus, at Fort Col- 
lins last year, gives approximately the same dates at which the two 
broods of larve reach their maximum and minimum numbers. The 
dates run a little later at Fort Collins, which is the more northern 
point. The larve were taken twice a week by Mr. Titus, so some of 
the periods are 5 and some 4 days. 


TABLE VI.—Records of codling moth larvee taken under bands. 


[Eleven trees in Harris orchard, Fort Collins, Colo., 1900. ] 


July. | August. September. | October. 

Tree arses Ter ] : 

25 | 28|31| 4) 7 | 11 | 15 | 18 | 22 | 25) 28) 1) 5] 8/12) 15 | 18) 22) 29) 4 th | A 

| | Pele ay) 
10S A Oe EA BOuL Onl, SU POR, Ou clea! OG Bel sO) ania ech sae da O 
ASS OU 07). OF OFF Wy Ou PO 207) SOON! OFS) Ae 20a aT Galle 8 ea et ere 4 
14 S| 16M sO es 2 50") Oe B60.) 20) AOE 05) 08) S35) 26s) Coe STOO Gs) ea ees ot ee 5 
7) 9111-0) 8! O10) 0] 0] O} 1) 1).6) 151 %8 1 28 | Sod eee ee 
TSS 251,07 (On), 42h OU) 208) L050 105) 10} 05) 08) A020 | ADs Gs AH Sa oa ioe eee 0 
1922/8. oO) oO} Ll O} Ol} OOF 04 01) 70) 8) 9") Ol) et ae ao) Sees eos ee 
20....| 1| 0).0} 8] 6) 0} O00) 0) LO.) 26) 5) 10) 204) (25) Tee Sea 
A.-.| 1! 8) 0} 4) 0] 0} 0) 1).01 Of O} 4/18/11, 4) 0) 4). 6) a a ee 
o..10) 1).0] 0} OF 0} 0] 0]. 0! Of F) 9) 2114/28) 51-8] oe aa ee 
mB | 61 0| 0| 9] 0| 0] 0] 0} 0! 0] Oo} 0} 2] 1) 8) O}°5) 5 lop eo eee 
4.1.0) 0] 0] 4/50] O} 0} 0] O11) 0} .0) 6) 8] FB) b) 2a Ope 

388} 16) 1 | 39 | 13 | 1) 2] 1] 0] 8] 10 | 80 | 98 102 |176 | 58 | 75 | 53 | 94 | 59 |} 16] 26 

| 1 


The first brood had reached its maximum when the bands were 
removed the first time, July 25. The great number of ciphers 
between August 11 and 22 indicate the division between the broods. 
The second maximum came September 12, and then the numbers 
diminished rather slowly for the next two weeks. 

Another record kept the same year on a tree growing in the college 
lawn at Fort Collins gave a similar record, though the first maximum 
came a few days later. The record is as follows: 


TaBLE VII.—Codling moth larve from bands on tree in college lawn. 


June. | July. August. September. 
29| 7/14/21 |28| 4/11] 18/25] 1| 8| 15) 22] 20 


x es ne 
Pe ee Pb ee re | 2| 1 | 10! 8|14| 24 | 18 115 | 84 
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The total number of larve taken under the one burlap band upon 
the above tree growing in closely cut grass ground was 1,481. We 
did not take so large a proportion of the larvee from any tree growing 
upon well cultivated ground. 


WHEN THE LARVA COME DOWN, 


To determine what proportion of the larvee leave the fruit during 
the bright daylight and what proportion at night to go in search of a 
place to spin up, I bandaged a tree that I passed each morning and 
evening and removed the larve at about 7.30 a. m. and 6 p. m. from 
August 15 to 26. There were 414 larve taken, 353, or 85 per cent, of 
which came to the band during the night, and 61, or 15 per cent, 
during the day, between the hours mentioned. 


DURATION OF LARVAL PERIOD. 


Dr. Riley! gave this period as 25 to 30 days outside the cocoon, 
Washburn? as about 4 weeks, Card* as apparently 10 to 14 days, and 
Slingerland? estimated the time at 20 to 30 days. In our records the 
time has varied between 12 and 24 days, with an average of 19, at 
Fort Collins._ 


WHERE THE LARVA ENTERS THE APPLE. 


Unsprayed trees should be chosen to determine this point. There 
is also danger of error if the examination of the apple is superficial, 
as I have found that the larva often enters at the calyx, leaving no 
castings in sight, and then burrows out at the side some distance away, 
the latter burrow being kept open, but not the former. An examina- 
tion of 526 apples wormy by the first brood gave the following results: 
Two hundred and sixty-seven apples were wormy at the blossom only, 
18 at the stem only, 84 at the side only, and 157 had wormholes at the 
blossom and also at some other place. Adding this last number to the 
first, we have 424 out of 526 apples, or 80 per cent, with wormholes at 
the blossom end. The apples counted were of three varieties of crabs. 


DURATION OF COCOON STAGE OF FIRST SUMMER BROOD. 


The period elapsing from the time the larva leaves the apple or 
appears under a band to the time the moth emerges I have designated 
as the cocoon stage. The time elapsing before changing to the chrys- 
alis Riley® found to be 3days. During the present summer (1901) Mr. 
Taylor has carried through observations for me upon 76 larvee which 
transformed to moths, for the purpose of determining the average time 


Fourth Mo. Rep., p. 22. 

*Bul, 25, Or. Exp. Sta., p. 5. 

3 Bul. 51, Nebr. Exp. Sta., p. 22. 
4Bul. 142, Cornell Exp. Sta., p. 23, 
'Fourth Mo. Rep., p. 22. 
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of the entire cocoon stage, and he obtained the following results: The 
shortest time was 13 days, the longest time 25 days, and the average 
time 16.75 days. 

Observations made for me by Mr. Titus in 1900 for the purpose 
of determining the entire cocoon stage and also the duration of its 
two peri va and as pupa—gave results which I have tabu- 
lated below. His averages for the entire period are somewhat larger 
than those obtained by Mr. Taylor. It may be partially due to the 
fact that he was compelled to open the cocoons daily before pupation 
to determine their condition. This, however, should not affect the 
pupa stage. 


TaBLE VIII.—Time spent by codling moth from beginning of spinning stage to 
appearance of moth, Fort Collins, Colo, 1900. 


Larve |Moth ap-Num- Total E | Larvee ‘Moth ap- 'Num-) Total 
Larve taken. |pupated.| ee oe ber. | time. Larvee taken. ‘ pupated. nee ed. PEt, | time. 
| Days. | Days. 
July 2- 3 | July 16 ] 149 Peis Sees July 14} July 31 | iI 23 
Do - July 18 ] LG | nly: GesS.2 eee July 15 |.-..do-..} 1 22 
Do July 16 2 14 Does sy July 16 |....do 1 | 22 
Do ..-| July 22 1 20) Kely LOE aa  ae July 14 |....do---| iba 21 
Do. 9 | July 24 1 22) Ul yal SS. - July 18 | July 30 4) 19 
July 3 i | July 18 4 15 1D) eae eee Oar yaad | 20 
Do -| July 20 4 17 Does 2-02-25) Are 2 3 22 
Do July 21 1 | 18 DO seeeees “do... Auer al 4 21 
Do July 22 2 19 DO en te July 19 | Aug. 2 | x 22 
Do .---do-..| July & 1 2() Does a ' 00.24) AUerooy z 23 
Dot sal July 9 July 24 1 Pi Nel | aa Dey ee ee -.do.-SAup.. 4 4) 24 
Vitulyatt Se s=* S7|-8 doe sihauly.-20 2 16 || July 12..-.---= July 16) July 30 1 | 18 
Ones s2222 ..--do...| July 21 5) 7 Deeb. 79. 80)2 | lyase 1} 19 
Do ....--.-| July 8 | July 23 1 19 Doywas ees July lj Aug. 3 | 2 | 22 
SMU Die = us ees = )--G0)-2| suly 21 1 16 DOmee anaes 1 July 19; Aug. 4 | it 23 
Open dae | July 9| July 22 1 17 | Doses dose Aries) ete 25 
Do nee | July 10 | July 23 1 18 | Doe tea July 20 | Aug. 4 | 1 23 
DOR ee aly, Oe edO sesh ae 18 | Doras 3 do 2) Ane nior 1 | 29 
DOE oe sue 10 | July 22 1 17 | DOS aoe 2200-2 | eee 1 29 
Shah cj oe ee ee .-| July 24 5 18 || Aug. 11 --| Aug. 13 | Aug. 30 | 3 19 
DG wee “Tay: 12) | domes 3 18 || Aug. 13 ...| Aug. 18, Aug. 31 ] 18 
Do 2222.22.) July 13) July 25 6 19 Do ....| Aug. 17 | Sept. 5 2 23 
Doe S| does) sallye2on 2 20 Do... .2-22|4-2300\---- Sepi.. ou 1 | 24 
Dose ia -do...| July 27 4 21 || Aug. 18.------| Aug. pil eidoe as 1 19 
Wopetee a=. “July 14 | July 30 | 3 24 Do ....----| Sept. 6 | Sept. 16 | 1 29 
Do ......--| July 18 | July 3! 2 25 Sept: 4. S24 |. do set -sdores 1 12 
MULyIS soe Sale July 12) July 30 2 22 | 


The time required tor pupation, according to the above record, after 
the larva comes down from the tree, was, for 1 larva, 1 day; for 6 
larve, 2 days; for 10 larvee, 3 days; for 18 larvee, 4 days; for 15 larve, 
5 days; for 7 larve, 6 days; for 31 larvee, 7 days; for 14 larve, 8 days; 
for 1 larva, 12 days; for 1 larva, 19 days. The average time was 9.6 
days and the range in time from 1 to 19 days. Number of larvee in 
the reeord, 104. 

The time spent in the pupa state by the same larvee was as follows 
Four were pup 10 days; 2 were pupz 11 days; 25 were pup 12 days; 
13 were pup 13 days; 24 were pupz 14 days; 15 were pupe 15 days; 
10 were pupe 16 days; 7 were pupz 17 days; 3 were pupe 18 days; 2 
were pup 19 days; 1 was pupa 20 days, and 2 were pupae 21 days. 
‘The shortest time in the pupa state was 10 days and the longest time 
21 days. The average time was 14 days. 
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If we combine the stages above given and eall the two the cocoon 
stage, we shall have a record as follows: One moth appeared in 12 
days; 3 in 14 days; 4 in 15 days; + in 16 days; 11 in 17 days; 13 in 18 
days; 18 in 19 days; 7 in 20 days; 10 in 21 days; 12 in 22 days; 7 in 
23 days; 8 in 24 days; 3in 25 days, and 3 in 29 days. This makes 
the shortest time in the cocoon stage 12 days and the longest time 29 
days, and the average 20 days. 

Hatching records kept for me by Mr. H. H. Griffin, at Rockyford, 
and at Grand Junction by Silmon Smith, indicate that the duration of 
the cocoon stage in those localities is practically the same as at Fort 
Collins. Riley' gives the entire cocoon stage as 15 to 21 days, Wash- 
burn? as three weeks, and Slingerland® as two or three weeks. 
Aldrich* gives the time as a week or more, but greatly dependent upon 
temperature. 

THE SECOND BROOD OF MOTHS. 


The time of appearance of the earliest of the second-brood moths is 
easily determined by hatching them from the earliest wormy apples 
of the summer. Riley gave this date for the latitude of St. Louis, 
Mo., as July 8; le Baron gave it for northern Illinois as July 15; 
Card, for Lincoln, Nebr., as July 2; Cockerell, for Mesilla Park, 
N. Mex., as June 26, and Professor Cordley has written me that for 
Corvallis, Oreg., he finds it to be about August-1. At Fort Collins 
the earliest bred moth of this brood appeared July 13; at Canyon 
City, Dr. Peare reports to me that he bred a moth July 15; at Rocky- 
ford, Celo., My. Griffin obtained the first moth July 5, and at Grand 
Junction, Mr. Smith obtained a moth on June 28. 

The following records for the very latest moths appearing of this 
brood (or some later brood, as the case may be) are of interest in this 
. connection. The latest moth to appear in breeding cages at Fort Col- 
lins came out September 16; the latest at Canyon City, September 10; 
at Rockytford, September 15, and at Grand Junction, September 12. 
These are all belated individuals, and all appeared after the general 
disappearance of the brood. (See Table IV, giving proportions of 
larvee that live over winter from different dates. ) 


THE SECOND BROOD OF EGGS. 


I know of no definite published records upon the second brood of 
eggs. At Fort Collins, this year, this brood seemed to begin its appear- 
ance about July 24, and they were most abundant about August 12. 
The two broods doubtless overlap, but at Fort Collins this year it was 


almost impossible to find eggs at all from the 20th to the 25d of July, 


‘Fourth Mo. Rep., p. 22. 
? Bul. 25, Or. Exp. Sta., p. 5. 
* Bul. 142, Cornell Exp. Sta., p. 27. 
4 Bul. 21, Id. Exp. Sta., p. 101. 
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and then they began slowly to increase in numbers again. As the 
first eggs of this year were found June 19, this makes the time 
between broods about 54 days. On August 20 it was difficult again — 
to find many unhatched eggs. 


SECOND BROOD OF LARVA. 


The earliest that we have taken mature larvee of this brood at Fort 
Collins is August 3; at Canon City, August 1; at Rockyford, August 6, 
and at Grand Junction, July 23, as determined by the dates at which 
we have first obtained larve that did not pupate till spring. (See 
Table I.) Immediately following these dates the number of such 
larvee rapidly increases until none are found except those which 
remain in the larval state till spring. These last dates, in all our 
observations, have been taken to mark the close of the appearance 
of the first larval brood. The dates we have are, for Grand Junction, 
August 13; for Rockyford, August 20; for Canon City, August 21, 
and for Fort Collins, August 30. (See Table IV.) 

According to our observations this brood passes the winter entirely 
as larve, and begin active pupation at about the time the apple trees 
begin to bloom. 

The pupa stage of this prood usually lasts much longer than that 
of the summer brood. We have often had pupe remain 30 or 40 days 
before the moths emerged, and a considerable longer period has not 
been very unusual. The longest spring pupal stage that we have 
recorded is 68 days, March 7 to May 14, at Grand Junction. 


THE NUMBER OF BROODS. 


While the above data may be weak at some points, I believe it is 
fairly safe to announce that the codling moth is definitely two-brooded _ 
throughout Colorado, with no adequate reasons for postulating a par- 
tial brood to account for the belated larvee that have fallen behind 
the majority in the race. Let us see if the data we have presented 
bear out the conelusions. 

According to our records the entire life history of the summer brood 
is divided into periods about as follows: From egg to larva, 7 days; 
from larva to cocoon stage, 19 days; cocoon stage to emergence of 
moth, 18 days; emerging of moth to middle of egg-laying stage, 5 days 
(estimated)—a total of 49 days, or just 7 weeks. 

The first larvee matured in the apples last year at Fort Collins July 
3, and we began taking larvee that lived over winter August 12—just 
40 days after. At Canon City Dr. Peare took the first larva June 15, 
and the first larva that did not pupate was taken 47 days later—August 
1. Mr. Griffin, at Roekyford, took the first larva of the summer brood 
June 15, and the first that lived over winter without changing, 52 days 
afterwards, August 6. Mr. Smith, at Grand Junction, took the first 
mature larva last year June 10, and the first to live over winter with- 
out pupating, 43 days afterwards, July 23. As the time in each of 
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these localities approximates the time required for the entire life cycle, 
according to our records, and as the number of larve not transforming 
until spring rapidly increased from the dates given for the first eap- 
tured, so that within 20 days thereafter all were of this winter brood, 
it seems certain that there could not be a third brood in any of the 
localities mentioned, as there is not room for them. A partial brood 
from the early maturing second brood could be granted if necessary. 
Now, if we could find the first brood of larvee extending late enough 
to account for the last larve that pupate, we should have no need 
whatever to suppose a partial third brood. This we can not quite 
accomplish from the data at hand, but we can so nearly cover the 
period that the few days remaining, in which only scattering speci- 
mens are taken that pupate, would, in my estimation, easily be covered 
by the few individuals that have taken a longer time for development 
than our breeding records will show, as it is practically impossible in 
a few breeding experiments to include the extremes of a brood. 

In our records larve taken from the orchard late in April and 
transferred to a moderately cool cellar continued to give moths to 
July 24. This would easily account for eggs to August 4. As the 
first eggs were found at Fort Collins the same year, June 9, we have 
the egg-laying period extended over 56 days. 

As the first larvee were taken under bands at Grand Junction in 
1900, on June 10, and the last larvee pupating were taken August 12, 
these two dates mark the extremes of the brood, provided there is no 
partial brood. It exceeds the time our records indicate for it by 7 
days. The time is so nearly provided for that it seems that a partial 
brood can only be allowed when proven to exist by actually carrying 
the insect through the three generations in breeding cages. So while 
we can not say positively that there is nota partial third brood at 
Grand Junction, or even Roekyford or Canon City, our records do not 
prove it, and the writer is strongly inclined to the opinion that it does 
not exist. A complete third brood can not be accounted for at all. 
When Mr. Brothers, near Denver, last year collected 2,225 larvee 
and only 2 pupz under bands that had been on the trees since August 
2413 days—he proved very conclusively that only stragglers of the 
first brood were remaining at that date. 

I have not yet received sufficient data to state what the conditions 
may be in other States. Professor Cordley has recently written me 
that at Corvallis, Oreg., he has. not been able in four years to rear 
a codling moth later than September 15, and he gives June 20 as the 
date of the first eggs upon apples that he has been able to find. This 
makes the period for the broods at Corvallis even shorter than at Fort 
Collins. Healso states that his records ‘‘indicate two broods, and two 
only,” at Corvallis. Prof. W. M. Munson, of Orono, Me., also writes 
under date of August 17, that ‘‘some wormy apples placed in boxes 
August 1 are now yielding pup.” So there is at least a partial second 
brood in Maine. 
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I might deduce further evidence to support the opinions expressed 
as to the number of broods, but I have already tired you with a long 
address and many records and deductions drawn from them. The 
data referred to are included in the present paper. You may study 
them at your leisure and draw your own conclusions. I only hope 
that at no distant time we may be able to make definite statements 
without much guesswork as to the number of broods of this important 
orchard pest wherever it occurs in this country, and that the obser- 
vations here reported may assist to that end. 


On motion of Dr. Howard, Professor Gillette was voted the thanks 
of the Association for his excellent address. 

A general discussion of the address followed. 

Mr. Ball thought that much could be gained from this paper as a 
lesson upon the magnitude of a complete life-history study, and made 
a general suggestion that the life history of a closely allied species, 
living under natural conditions, could often be used as a check to the 
work on that of an economie species. As an illustration, he cited the 
case of the chinch bug and the false chinch bug, which have been vari- 
ously reported as from one to four-brooded, while closely allied species 
occurring under natural conditions can be easily determined to be 
definitely two-brooded. 

Mr. Howard said the paper was an education upon life-history work, 
but suggested that the statement that the insect was only double- 
brooded in the South as well as the North was somewhat startling, and 
that he was not at all disposed to accept it without further evidence. 

Mr. Scott stated that he had done very little work on this insect, but 
from his general notes it appeared to be three-brooded in Georgia. 

Mr. Cockerell thought that the greatest damage was done to Septem- 
ber apples, while fruit maturing in June was not materially damaged. 
It was almost impossible to grow apples in southern Mexico, while the 
insect did not oceur in Arizona. 

Mr. Hopkins thought that the moth would be governed by the same 
phenological law as that which governed the periodical phenomena of 
plants and other insects—that is (as determined by him in West Vir- 
ginia), an average difference of about 1 day for each one-fourth degree 
of latitude and about the same difference for each 100 feet in altitudé 

The results of observations made by him in June and July, 1901, is 
compared with the caleulated normals for first appearance of larv 
from apples in West Virginia, as follows: 


: Calculated normal 


Locality. Date of observation and result. Latitude.) Altitude. antes : 
| ates. 
ieee as — : = |-— aw = 
x 4 Feet. ‘ P 
Morgantown ...-- July 3,a few had emerged---------.--- 39 45 1, 000 aly 1 (estimated 
ase). 
Gerrardstown....| June 27,a few had emerged ----------- 39 ~=30 400 | June 24. 
Biliinges 2 ao | July 9,a few had emerged -------.---- B38 45 2,000 | July 7. 
Leebell - p22t3| (duly: 10, first emerging 22.20... -2- sees 38 «40 2,200 | July 9. 
Huttonsville ____- | July ll,a few had emerged - SN \ est sie Wat) 2,100 | July 8. 


si Huttons- | July 11,none had emerged ------------ 38 45 2,600 | July 13. 
ville. 
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Matured larve collected at Morgantown on July 3 produced moths 
on July 16-17. Matured larve collected at Elkins July 9 produced 
one moth on August 9. Therefore he thought that at low southern 
sections in his State the moth might be two-brooded, while at high 
northern sections (Canadian zone) a second brood would rarely, if 
ever, occur. He also was inclined to believe in the three-brooded 
theory for the South. 

Mr. Gillette suggested that it would be interesting for Dr. Hopkins 
to determine the number of broods of the codling moth in high alti- 
tudes as compared with low altitudes in his State. 

Mr. Gillette had found it impossible to determine the number of 
broods with certainty without actually breeding the moths. 

Mr. Ball stated that it took an apple a definite length of time to 
reach maturity and, in his opinion, this would determine the number 
of broods. The period of development of the fruit being the same 
North and South, it follows, in his opinion, that the number of broods 
would be the same. 

Mr. Felt, in speaking of the variability of broods, cited the elm-leaf 
beetle, which has one large brood, with a second brood when the foli- 
age is sufficiently fresh and tender to support it. He asserted that 
the second generation was produced from the adults of the first brood 
of larve. Trees infested with the second brood of larve would fur- 
nish adults which may fly to neighboring trees and develop a third 
generation. There may be, therefore, thrée well-defined generations 
under proper conditions. 

Mr. Gillette stated that the appearance of late foliage upon the 
trees could hardly account for the appearance of a third brood of the 
insects to feed upon them. He did not believe that an abundant food 
supply would cause the insect to pass through another generation. 

Mr. Hopkins stated that it is possible for the. number of broods 
of an insect to vary according to conditions. 

Mr. Felt agreed that favorable conditions would produce additional 
broods. The Hessian fly, for example, according to his notes, pro- 
duced an additional brood when weather conditions were favorable 
in late-sown barley. 

Mr. Gillette observed that if the codling moth is three-brooded 
anywhere it seemed as though it should be at Grand Junction, Colo., 
where the season is long and where there are both early and late 
apples for the insects to feed upon. Extensive observations in that 
locality, however, indicate that the insect is definitely two-brooded 
there. 

The following new members were enlisted: James A. Southwick, 
Providence, R. I., proposed by A. H. Kirkland; A. N. Caudell, Wash- 
ington, D. C., proposed by W. H. Ashmead. 

Mr. E. P. Felt proposed the name of J. J. Burden, Stanley, N. Y., 
and Dr. James Fletcher proposed the name of. Percy b. Gregson, 
Waghorn, Alberta. 
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These new names were objected to by Messrs. Ashmead and Hop- 
kins on the ground that the applicants had done no original work in 
economic entomology, and upon motion of Professor Bruner they 
were placed on file. In this connection the by-laws touching the 
credentials necessary for membership were read by the secretary. 

President Gillette then announced the following committees: 

Program committee: W. M. Scott, E. P. Felt, T. D. A. Cockerell. 

Committee on resolutions: A. D. Hopkins, William H. Ashmead, 
K. D. Ball. 

Committee on nominations: E. P. Felt, Lawrence Bruner, William 
H. Ashmead. 

The report of the secretary and treasurer for 1900 and 1901 was read 
and adopted. 

Mr. Felt suggested an annual assessment of 50 cents per member to 
defray the expenses of the Association. Mr. Ashmead moved that an 
annual assessment of 25 cents be placed upon all members of the 
Association. The president ruled both motions out of order, they 
being contrary to the constitution. 

Upon motion of Dr. Hopkins, it was voted that each member present 
should be assessed 75 cents. 

The meeting then adjourned to meet at 2 p. m. 


AFTERNOON SESSION, AUGUST 23, 1901. 


The meeting was called to order by President Gillette, who an- 
nounced a paper by Mr. E. P. Felt to be the first on the programme. 


THE HESSIAN FLY IN NEW YORK STATE IN 1901. 
By E. P. Feit, Albany, N. Y. 


This pest caused considerable injury in New York State in 1899 and 
1900, but the damage inflicted this spring appears, from all accounts, 
to have been very much greater than in recent years. Wheat passed 
the winter in excellent condition, and the remark was made in my 
presence that farmers would hardly have thanked anyone for a guar- 
anty of a full crop, so promising was the situation early in the spring. 
The season was exceptional, and rains followed each other in quick 
succession, producing a vigorous growth of all grasses, so that the 
hay crop was an enormous one. So far as could be learned, there was 
little indication of the work of this pest last fall, but as the spring 
advanced the grain suffered more and more, till the latter part of June 
or early July, when reports of the true conditions of affairs began to 
come in. Some allowance was made in the case of the earlier reports, 
because in 1900 the injury was overestimated in some cases, and 
this may be true in part for 1901, but in some cases it is not. A per- 
sonal investigation of some of the infested localities has convinced me 
that many of the reports made to me were literally true. I was shown 
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a number of fields which to me looked like a rather rough pasture or 
poorly sown grass, and yet these were pieces which had been seeded 
with grass and sown to wheat last fall. There was no doubt of the 
total failure of the grain crop in such cases. These, however, were 
the worst; all grades of injury could be seen. Fields that escaped 
without injury were quite few in the regions visited. 

This outbreak was utilized to secure some data which may be help- 
ful in understanding the situation. Special reports were received 
from about 45 fields, loeated mostly in Erie, Niagara, Genesee, Wyo- 
ming, and Onondaga counties, and representing about 760 acres. Of. 
these areas, 90 per cent or more of the grain on 134 acres was estimated 
as lost, 85 per cent on 58 acres, 79 per cent on 83 acres, 50 per cent on 
176 acres, 25 per cent on 63 acres, and 6 to 12 per cent on 248 acres; or, 
50 to 90 per cent or more of the grain on 451 out of the total of 762 acres 
was estimated as destroyed. These reports were not made on badly 
injured fields alone, but on others as well, and they were made in reply 
to a series of questions formulated for the purpose of ascertaining so 
far as possible the cause for this extensive damage. The inquiry 
developed the fact that a white beardless wheat, known as No. 6, was 
seriously injured almost without exception, while the bearded red 
wheat, known as No. 8, escaped with comparatively little harm. None of 
the above-mentioned reports attributes more than a 25 per cent injury 
to red wheat, while the white variety ranges from that figure to 99 or 
100 per cent destroyed. The white wheat is a much heavier yielder, 
and is therefore greatly preferred by farmers. This inquiry was 
started primarily in the hopes of securing data on the date after which 
winter wheat could be sown with comparative safety. So much grain 
is grown in western New York, and the fields are so near each other, 
that it was impossible to secure anything very definite, except that 
white wheat sown the latter part of September or later was in all 
probability infested in the spring by flies from overwintered puparia 
or ‘‘ flaxseeds.” 

Some climatic effects were also observed. The continued rains in 
the Spring stimulated the transformation of the flies, and on July 10 
a number of fields were seen where the spring brood of the fly had 
completed its transformation and departed. This was further con- 
firmed by finding several large fields of barley, sown about May 15, 
badly infested with larve and young puparia of this pest. The attacks 
on the barley were confined largely to the upper, softer nodes, and in 
at least one field the infeststion was very thorough. Every stalk was 
infested with a few of the pests, and 8 plants taken at random con- 
tained from 19 to 54 individuals, most of them being in the larval 
stage. Curiosity induced me to bring together Weather Bureau 
records showing the total precipitation and the number of rainy days 
in the growing months of the fall of 1900 and the spring of 1901. The 
two loealities selected were Alden, Erie County, and Elba, Genesee 


24 


County, both in the immediate vicinity of the localities from which 
my reports were received. The table is as follows: 


Alden, Erie Elba, Genesee 


County. County. 
pene Total |Number Total | Number 
precipi- | of rainy precipi-| of rainy 
tation. | days. tation. days. 
ul Inches. | Tnches. 

1900 — AM ONS a. 6 =). 226 eee seb hae a CE Aes ee 2. 48 | 7 2.39 jl 
September). -22 2232425. St oe. ols see. ee ee 3. 26 | 7 2.69 7 
COTO BCT = ae ee ee ee oe ie SN ee eee na 3.18 | 7 3.59 8 
INGyORMIDeL 2x52 ret te Ace See ee ES - 8. 42 | 16 3.99 21 

MOOT Miareh 2 oe Rae ee See Ae Soya: alee 3. 09 1 ee) pee 
April - eae 4. 34 | 11 4.25 10 
May 4.49 18 5.15 19 . 
IUHSE. 22522 1. 49 | 7 3.38 10 


It will be seen that last May was very wet, rain falling 18 and 19 days, 
respectively, in the two localities, and it is no wonder that the spring 
generation of the fly thrived, completed its transformations, and was 
ready to infest late-sown barley. The contrast between a rank, sue- 
culent growth of the grain and grain injured by the Hessian fly was 
further shown on one hilly patch of wheat in which there was consid- 
erable grain on the gravelly, comparatively dry knolls, while in the 
more moist gullies the stalks of wheat were very scattering. 


In the discussions of this paper, Mr. Ashmead asked what remedy 
Mr. Felt would .¢commend. 

Mr. Felt replied that late sowing and trap crops plowed under were 
the most effective remedies. 

Mr. Howard suggested the possibility of varieties resistant to the 
Hessian fly. 

Mr. Felt said that No. 8 was said to be resistant. 

Mr. Scott then presented the following paper: 


JARRING FOR THE CURCULIO ON AN EXTENSIVE SCALE IN 
GEORGIA, WITH A LIST OF THE INSECTS CAUGHT. 


Lisnahadtieneen= A) 
By W. M-Scott and W. F. Fiske, Atlanta, Ga. 


CURCULIO DAMAGE TO PEACHES AND PLUMS. 


In Georgia, where peaches and plums are extensively grown for mar- 
ket, perhaps the most perplexing problem that confronts the grower 
is how to combat the curculio. The San Jose scale, so prevalent in 
south Georgia, is thoroughly controlled by the kerosene-water treat- 
ment, the peach-tree borer is held in abeyance by the cutting-out 
method, and the brown rot is fairly well controlled with the Bordeaux 
treatment; but the cureulio has succeeded in baffling all contrivances 
for its destruction, except, perhaps, the tedious and expensive method 
of jarring the trees and catching the beetles on sheets stretched on 
frames made for that purpose. 


PLATE |. 
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CURCULIO GANG AT WORK WITH SHEETS AND BUMPERS IN ORCHARD AT FoRT VALLEY, GA. 


From photograph furnished by Scott & Fiske. 


PLATE Il. 


Bul. 31, New Series, Div, of Entomology, U. S. Dept. of Agriculture. 


CURCULIO GANG AT WoRK IN THE HALE ORCHARD, FORT VALLEY, GA. 


From photograph furnished by Scott & Fiske. 
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A conservative estimate would place the annual damage to peaches 
and plums done by the curculio in Georgia at 25 per cent of the entire 
crop. Aside from the work of the larve in the fruit, the adult beetles 
are active agents in disseminating the brown-rot fungus, as evidenced 
by our observations during the past season. In a number of orchards 
that were sprayed with Bordeaux mixture it was observed that brown 
rot developed almost exclusively on fruit that had been punctured or 
eaten into by the curculio, and the point of brown-rot attack was 
usually at wounds made by the beetles. It is evident, then, that this 
insect is responsible for considerable brown-rot damage either by actu- 
ally conveying the spores or by merely breaking the skin of the fruit 
for their admission. 


THE JARRING METHOD IN THE HALE ORCHARD. 


Perhaps the most extensive work against the cureulio that has ever 
been undertaken in the history of peach and plum culture was con- 
ducted by the Hale Georgia Orchard Company, at Fort Valley, Ga., 
during the past season. About 200,000 bearing peach trees and 50,000 
bearing plum trees were jarred several times between April 18 and 
June 1. The entire orchard was gone over about six times, while 
some blocks of trees, particularly those adjacent to woods and other 
eurculio-harboring places, received the jarring every day (except 
Sundays) between the dates named. The operations were carried on 
by 11 gangs of 5 hands each. Each gang was supplied with an outfit 
consisting of two sheets stretched on the underside of light wooden 
frames, 6 by 12 feet in dimensions, a pole 8 feet long padded with rub- 
ber on one end which served as a ‘“‘ bumper,” and a supply of baking- 
powder cans in which to confine the insects captured. Each pair of 
sheets was carried by 4 women or children, accompanied by a man, 
who, by forcibly striking the trunk of the tree, effected the jarring. 

The several gangs moved through the blocks of trees together, each 
taking a row, as shown in the accompanying illustrations. About 
every half hour the sheets were placed on the ground, and all hands 
engaged in picking off cureulio and other insects that looked sus- 
picious. In most cases the lady-bird beetles were allowed to eseape. 

The jarring was done from 3 a. m. to 9 a. m. and from 2 p. m. until 
dark. The best results, however, were obtained from the early morn- 
ing work. With the 11 pairs of sheets about 40,000 trees were thus 
gone over in a day. (See Plates I and II.) 


COST. 


It required 60 hands (men, women, and children) to operate the 11 
pairs of sheets, and the cost for labor amounted to $25 per day. These 
gangs of curculio catchers were employed for 37 days, making the 
total cost for labor $925. Mr. Hale estimated the cost for keeping the 
outfits in repair at $75, making the total cost for the work of the season 
$1,000. 


26. 
RESULTS. 


We furnished Mr. J. H. Baird, superintendent of the orchard, with 
eyanide jars for killing the insects in bulk once a week. As the lots 
came in they were gone over quite carefully and a collection of the 
different species occurring therein mounted. These were afterwards 
determined, so far as practicable, through the kindness of Dr. L. O. 
Howard, by Messrs. F. C. Pratt and O, Heidemann. Portions of sev- 
eral lots were separated and the cureulio counted in order to get at 
the relative percefhtage at different times during the season, and at the 
end of the whole was thoroughly.mixed. By counting a definite por- 
tion and carefully measuring the remainder a tolerably exact esti- 
mate of the total number and percentage was obtained. 

The proportions of curculio in the catchings as. thus determined 
varied from 56 to 94 per cent, the average for the entire season being 
about 67 per cent. The gross number of curculio was in the neigh- 
borhood of 137,000. 

No attempt was made to determine the percentage of females, but 
if it be granted that the sexes were equally divided and that each 
female was capable of depositing 200 eggs an idea can be had of the 
immense damage that was prevented by the jarring work. 

The most important results, however, showed up in the small per- 
centage of curculio-damaged fruit from the jarred orchard as com- 
pared with the adjacent orchards that were not jarred. It was quite 
impossible, of course, to arrive at definite figures, but a fair estimate 
of the comparative results was obtained by examining both the imma- 
ture fruit on the trees and the ripe fruit as it came into the packing 
houses. 

In the midst of the shipping season, July 23, we made final notes 
on the work. The system of sorting the fruit in Mr. Hale’s packing 
house is about as perfect as it can be made on a large scale. One 
hand sorts for two packers, and all fruit showing curculio damage, rot, 
or other defect. is discarded. Out of one day’s shipping of 5 ears, 
or 2,0624 bushels, there were only 20 bushels of culls, or about 1 per 
cent. Some damaged fruit is always overlooked and allowed to go on 
the market. For this we allowed another 20 bushels. In this orchard 
there was very little premature dropping due to curculio damage, and 
from our notes we would place this amount of damage about equal 
with the amount that came into the packing house. A fair estimate, 
then, would place the amount of curculio damage to the entire crop 
at 4 per cent. 

An adjacent orchard of 130,000 trees was taken as a check. Care- 
ful notes made in this orchard and its packing house places the’ 
amount of damaged fruit at 40 per cent of the entire crop. The sur- 
roundings attending the two orchards are about the same, but it 
should be explained that the untreated orchard has never received 
the same clean cultivation that Mr. Hale’s orchard is always given. 
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This would certainly account for a small part of the difference in the 
percentages of damage in the two orchards. 

There seems to be no question as to the successful outcome of the 
experiment, and Mr. Hale, who shipped 145 ears of fruit from the 
orchard, considers the money required for the jarring well spent. 

A study of the collections of insects made by thus jarring the trees 
has revealed many interesting features as regards the species present 
and their comparative abundance. About 325 species were mounted 
and determined; the larger part were found in insignificant numbers, 
but many were abundant. Outside of the Coleoptera and Hemiptera, 
very few of any order were taken, and of these no record has been 
kept. The presence in considerable numbers of the peach borer, San- 
nina exitiosa, during the early half of May is, however, worthy of note. 


LIST OF FAMILIES REPRESENTED. 
COLEOPTERA. 


The Coleoptera easily outnumbered the Hemiptera, even without 
considering the immense numbers of curculio, and many of the species 
were of economic interest. The list of families represented is as 
follows: 


CARABID4:.—Very few specimens early in the season, but many at later dates. 
Lebia, as might be expected, was common; Calosoma sayi, wilcoxi, and scru- 
tator were scarce, but conspicuous from their size and color; Platynus was 
the most common genus, and represented by several species, of which lim- 
batus was present in the largest numbers. 

PHALACRID4.—Scarce. 

COCCINELLID&.—These beetles, of such great economic importance in reducing 
the numbers of such widely distributed scales as Aspidiotus forbesi, etc., were 
sorted from the jarrings as made and set at liberty. Thus no good idea could 
be obtained as to their actual abundance; but, judging from the large num- 
bers that escaped the mercy of the sorters, very large numbers must have been 
originally present. Thirteen species were identified (counting Scymnus as 
one), the most of them known as scale feeders. The most common was, how- 
ever, Anatis 15-punctata, with a close second in Hippodamia convergens. 
Among those that have been especially noted as feeding on the scales infesting 
peach in Georgia were Coccinella sanguinea, common; Chilcorus bivulnerus, 
common; Hxochomus tripustulatus, scarce; Hyperaspis signata, scarce. 
Scymnus was common, but the species are as yet undetermined. Strangely 
enough, Adalia bipunctata, which occurs about plant-lice in swarms, was 
wholly lacking. 


ENDOMYCHID.®.— Very rare. 

EROTYLID4.—Scarce. 

DERMESTID.4%, NITIDULID®, TROGOSITID 4%, and DASCYLLID4:.—All rare. 

ELATERID#.—Abundant. The species, however, largely such as breed in rotten 
wood, such as the old stumps often occurring in orchards, or in its environs. 
For instance, Alaus myops was common and conspicuous; Perothops mucida 
was very common in some lots, and in general the species were of little eco- 
nomic interest. 

THROSCID2.—Rare. 

BuPRESTID®.—Abundant. The collections in this family were interesting, prin- 
cipally on account of the abundance of the genus Chrysobothris, C. femorata 
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was very common toward the end of the season; C. azurea was equally com- 
mon throughout, and the same is true of C. harrisii. C. sex-signata was less 
so, and a small form that may possibly be a much dwarfed semorata was 
scarce. It seems probable that all of these feed on peach, femorata unques- 
tionably so, while azurea has been noted from March to July as being a com- 
mon frequenter of peach trees, especially when old and diseased. About a 
dozen other species of the family were taken. 

LAMPYRID#.—AIlso a very common family, certain small species of Telephorus 
being very abundant, arranged according toabundance. Chauliognathus was 
also extremely common later in the season. 

MALACHIID®.—Fairly common. 

CLERID4:.—Made fairly common by the presence of Clerus thoracicus in some 
numbers. 

PTINID.—Several species, the ‘‘twig borer” Amphicerus bicaudatus in some 
numbers. 

SCARAB 2ID&.—The presence of Anomala undulata in numbers gave this family 
considerable prominence that it would not otherwise have possessed. Lach- 
nosterna was unexpectedly scarce, though in some variety: L. tristis was the 
only common species. 

CERAMBYCID2%.—Rivaled only by the Chrysomelid for variety, though few spe- 
cies were abundant. Elaphidion villosum was common through the season. 
In all about 40 species were found, and of them a few of the smaller ones were 
common. 

CHRYSOMELID.—Over 50 species in this family were determined, though many 
of them were of but occasional occurrence. The flea-beetles were represented 
by some very prettily colored forms. Perhaps the most interesting econom- 
ically was Diabrotica 12-punctata. This was one of the most common of all 
the beetles, and is quite injurious to the peach in early spring, eating out the 
center of the blossoms and opening buds. The potato and sweet-potato beetles 
found their way in considerable numbers to the slaughter. 

BRUCHID.—Rare. 

TENEBRIONID©®.—Abundant, represented by some of the more common wood- 
eating forms. 

CISTELID22.—Common. 

LAGRIIDZ.—Quite common. 

MELANDRYID2.—Rare. 

PyTHID#%.—Rare. 

MoRDELLID2.—Rare until nearly the end of the season. 

ANTHICID 4%.-—Species of Notoxus were fairly common, and later in the season these 
insects are among the most commonly seen on the trees, crawling continually 
over the leaves for some obscure purpose. 

MELoIp4.—Rare. 

OTIORHYNCHID &.—Rare, except for one species, Aramigus fulleri, which in some 
lots of the catchings was very common, but was far from being uniformly so 
throughout the season. What its habits may bein this connection is a question, 

CURCULIONID4.—Conotrachelus nenuphar of course formed a large proportion of 
the total number of insects caught, but a proportion that lessened as the season 
advanced, varying from 94 per cent under certain conditions to as low as 56 
per cent toward the end of the season. This is in part due, we think, to the 
fact that much fewer curculio were caught and partly, also, to the increased 
numbers and activity of other insects. Inaddition to nenwphar, the following 
species of Conotrachelus were taken: C. anaglypticus was common, C. senicu- 
lus, scarce, and C. cribricollis, scarce. All these were noted as being more 
common during the latter part of the season. Others of this family were con- 
spicuously numerous, as Chalcodermus ceneus, Anthonomus scutellatus, and spe- 
cies of Cryptorhynchus and Baris. 
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BRENTHID&.—Rare. 
CALANDRID®.—Calandra oryza was quite common, 
ScoLyTiIp#.—Scolytus rugulosus was abundant throughout the season and formed 
a considerable percentage of the insects outside of curculio, 
ANTHRIBID£®.—Common, and represented by several species. Therare Cratoparis 
lugubris was not uncommon in one catching, but the individuals received were 
in a state of decomposition that spoiled them for specimens. 


HEMIPTERA—HETEROPTERA. 


The Hemiptera were very interesting, embracing as they did insects of 
quite varying economic status. The number of families at all common 
were limited, and, strangely enough, the Capsidz were wholly without 
representatives. Any one of a dozen species could be selected from the 
Capsidz or Pentatomide that would outnumber in individuals all the 
other species of bugs together, saving, perhaps, the Pyrrochoride. 
CORIMEL.=NID.©.—Scarce. 

CYDNID2.—Rare. 

SCUTELLERID&.—Scarce. 

PENTATOMID.®.—A bundant, including both predaceous and phytophagous forms. 
Stiretrus anchorage was common, with both white and orange ground color and 
much variety as to detail of markings. Podisus was abundant, but the mate- 
rial has not yet been thoroughly worked over for species. Four or five species 
of the large flat Brochymena were more or less abundant, especially toward 
close of season. Cbalus pugnax was abundant. Euschistus, the most com- 
mon genus of all, was represented by servus, tristigmus, and crassus in order 
of abundance. About 25 species in all were taken in this family. 

CorEID«.—This family was also abundantly represented and by species of the 
highest economic importance, foremost among them being large quantities of 
the leaf-footed plant bugs. Falling in this group were: Acanthocephala declivis, 
common and conspicuous from its gigantic size; Metapodius femoratus, to 
which the same remarks apply; M. instabilis, rare; Leptoglossus oppositus, 
abundant; L. phyllopus, still more abundant (these two latter species formed 
10 per cent of the total catchings in some cases); L. corculus, rare; DL, n. sp., 
rare. The injury which these insects do in an orchard must be considerable. 
They sometimes occur in swarms on the trees, flying freely about from one to 
another, and piercing and sucking green, ripe, and rotten fruit promiscuously. 
There can be little question but that they thus act as agents in the dissemina- 
tion of brown rot, and very effectively in a climate so conducive to the devel- 
opment of this disease as Georgia. Huthoctha galeator,; a species that is often- 
times a serious pest to nursery stock, piercing and sucking the terminal shoot, 
thus causing it to wither and the stock to branch, was caught in some num- 
bers. Chariesterus antennator was abundant, and in all 17 species referable 
to the family were taken. 

BERYTIDZ.—Rare. 

LYG4ID4.—Scarce, on the whole. Several species of Lygzeus; one, turcicus, fairly 
common. ; 

PYRRHOCORID42,—Common; represented by Largus succinctus. 

ARADID.— Rare. 

Nasip4.—Rare. 

REDUVUD«.—Represented by half a dozen species, all scarce or rare. 


HEMIPTERA—HOMOPTERA. 


Poorly represented by a few Fulgorids, Jassids, and Membracids; 
none of them common. 
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LIST OF INSECTS CAUGHT FROM PEACH AND PLUM TREES IN JARRING 
FOR THE CURCULIO. 


COLEOPTERA. 


CARABID2, 


Calosoma scrutator Fab. Lessrare than 
wilcoxi or sayt. 

Calosoma wilcoxi Lec. Rare. 

Calosoma sayi Dej. Rare. 

Pasimachus marginatus Fab. One. 

Amara spp. Fairly common. 

Calathus opaculus Lec. Common to- 
ward end of season. 

Platynus limbatus Say. Not found in 
catchings until end of season, but then 
abundantly. 

Platynus sp. Scarce. 

Nemotarsus elegans Lec. Rare. 

Lebia viridis Say. Common. 

Lebia analis Say. Rare. 

Lebia scapularis Dej. Rare. 

Philophuga viridicollis Lec. 
common. 

Chleenius tomentosus Say. Rare. 

Harpalus spp. Fairly common toward 
end of season. 

Anisodactylus rusticus Say. 
common toward end of season. 

Anisodactylus terminatus Say. Rare. 


Fairly 


Fairly 


PHALACRID, 


Olibrus spp. Common. 
COCCINELLIDA, 


Megilla maculata DeG. Abundant. 
Hippodamia glacialis Fab, One only. 
Hippodamia convergens Guer. Com- 
mon. 
Coccinella affinis Rand. Rare. 
Coccinella affinis var. venusta Melsh. | 
One specimen only. 
Coccinella sanguinea Linn. Common. 
Anatis 15-punctata Oliv. Abundant. 
Mysia pullata Say. Common. 
Psyllobora 20-maculata Say. One speci- 
men only. 
Chilcorus bivulnerus Muls. Common. 
Exochomus tripustuiata DeG. Scarce. 
Exochomus pilatii Muls. Scarce. 
Hyperaspis signata Oliv. Rare. 
Scynnus spp. Common. 


ENDOMYCHID, 


Aphorista vittata Fab. Rare. 


| Melanotus sp. I. 


EROTYLID. 


Languria mozardi Lec. 
mon. 

Languria gracilis Newn. One speci- 
men only. ‘ 

Tritoma festiva Lec. Rare. 

Tritoma thoracica Say. Less rare than 
festiva. 


Fairly com- 


DERMESTID4, 


Trogoderma ornatum Say. Rare. 


NITIDULID 4. 


Epureea labilis Er. Rare. 


TROGOSITIDA. 


Trogosita virescens Fab. Rare. 
DASCYLLID 4. 


Prionocyphon discoideusSay. Onespeci- 
men only. 


Helodes pulchella Guer. Rare. 


ELATERID®. 


Adelocera discoidea Web. Fairly com- 
mon. 

Lacon rectangularis Say. 
end of season. 

Alaus ocellatus Linn. Rare. 

Alaus myops Fab. Common. 

Cardiophorus sp. 

Elater linteus Say. One only. 

Ludius texanus Lec. Common. 

Melanotus leonardi Lec. Rare. 

Melanotus communis Gyll. Common. 

Melanotus sp. I. Common. 

Common, 

Limonius griseus Beauv. Common. 

Limonius sp. I. One specimen only. 

Limonius sp. Il. Common. 

Sericosomus silaceus Say. Common. 

Melanactes morio Fab. Common late 
in the season. 


Common at 


Perothops mucida Gyll. Common early 
in the season. 
THROSCID A. 


Drapetes geminatus Say. One specimen 
only. 
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COLEOPTERA—Continued. 


BUPRESTID&. 


Chaleophora virginiensis Dru. Fairly 
common. 

Chalocophora georgiana Lec. 
common. 

Dicerca obscura Fab. Common. 

Buprestis lineata Say. Several speci- 
mens. 

Buprestis striata Fab. One specimen 
only. F 

Buprestis decora Fab. 
mens. 

Melanophila notata Lap. & Gory. 
eral specimens. 

Anthaxia viridifrons Lap. Rare. 

Anthaxia cyanella Gory. Rare. 

Anthaxia flavimana Gory. Rare. 

Chrysobothris femorata Fab. Common. 

Chrysobothris 6-signata Say. Fairly 
common. 

Chrysobothris chrysoela DaCosta. Com- 
mon. 2 

Chrysobothris harrisii Hentz. Common. 

Chrysobothris sp. Several specimens. 

Acmeceodera culta Web. Rare. 

Agrilus sp. Several specimens. 

Brachys cerosa Mels. Fairly common. 


Fairly 


Several speci- 


Sev- 


LAMPYRID2. 


Eros humeralis Rand. Fairly common. 
Photuris pennsylvanica DeG. Scarce. 
Chauliognathus marginatus Fab. 
Abundant toward the end of the sea- 
son. 
Calochromus perfaceta Say. Common. 
Podabrus frater Lec. Common. 
Telephorus lineola Fab, Common to- 
ward the end of the season. 
Telephorus sp. Common. 
Telephorus bilineatus Say. Scarce. 
Polemius laticornis Say. Fairly com- 
mon. 
MALACHIID. 


Collops eximius Er. Common. 
Collops 4-maculatus Fab. Lesscommon 
than eximius. 


Tanaops longipes Lec. Scarce. 


CLERID 4, 


Elasmocerus terminatus Say. 
common. 


Fairly 


| Ernobius mollis Linn. 


‘Elaphidion villosum Fab. 


CLERID &—continued, 


OClerus thoracicus Oliv. Fairly common. 

Chariessa pilosa Forst. Rare. 

Orthopleuradamicornis Fab. One speci- 
men only. 


PTINIDA. 


Common. 
Sinoxylon basilare Say. Rare. 
Amphicerus bicaudatus Say. Common. 


SCARABAID A, 


Canthon probus Germ. Rare. 


Canthon praticola Lec. Rare. 
Aphodius sp. Rare. 

Serica sericea Ill. Rare. 
Diplotaxis puberula Lec. Scarce. 


Diplotaxis sp. Rare. 
Lachnosterna arcuata Smith. Rare. 
Lachnosterna fusca Froehl. Rare. 


Lachnosterna crenulata Froehl. Rare. 

Lachnosterna cognata Burm. Fairly 
common. : 

| Lachnosterna luctuosa Horn. Fairly 


common. 

Lachnosterna tristis Fab. Common. 

Anomala minuta Burm. Rare. 

Anomala undulata Mels. Abundant, 
especially early in the season. 

Euphoria sepulchralis Fab. Fairly com- 
mon toward end of season. 

Euphorta fulgida Fab. Scarce. 

Trichius piger Fab. Several. 

Valgus squamiger Beauv. Rare. 

Valgus canaliculatus Fab. Rare. 


CERAMBYCID. 


Asemum moestum Hald. Rare. 

Phymatodes ameenus Say. Fairly com- 
mon. 

Phymatodes varius Fab. Rare. 

Chion cinctus Dru. Rare. 

Elaphidion mucronatum Fab. Several 
specimens in the last catching. 

Abundant. 
The most common Cerambycid, ex- 
cept possibly Hyperplatys -xaculatus. 

Elaphidion unicolor Rand. One speci- 
men only. 

Heterachthes ebenus Newn. One of the 
more common Cerambycids. 
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COLEOPTERA—Continued. 


CERAMBYCID2—continued. 


Ancylocera bicolor Oliv. Rare. 

Elytroleptus floridanus Lec. One speci- 
men only. 

Batyle suturalis Say. Rare. 

Stenosphenus dolosus Horn. 

Clytus marginicollis Lap. 
specimen. 

Xylotrechus colonus Fab. Rare. 

Neoclytus erythrocephalus Fab. Rare. 

Euderces picipes Fab. Rare. 

Euderces pini Oliv. Rare. 

Rhagium lineatum Oliv, One specimen 
only. 

Acmceops bivittata Say. Rare. 

Acmceops discoidea Hald. Rare. 

Typocerus zebratus Fab. Notanuncom- 
mon species. 

Leptura cruentata Hald. Rare. 

Monohamnus  titillator Fab. 
common. 

Acanthoderes decipiens Hald. Common 
in the last catching. 

Liopus crassulus Lec. 
only. 

Liopus variegatus Hald. Rare. 

Hyperplatys aspersus Say. Almost as 
common as maculatus. 

Hyperplatys maculatus Hald. One of 
the most common Cerambycids. 

Acanthocinus obsoletus Oliv. Rare. 

Acanthocinus nodosus Fab, One speci- 
men only. 

Ecyrus dasycerus Lec. 
mens. 

Eupogonius tomentosus Hald. Quite | 
common toward the end of the season. 

Hippopsis lenniscata Fab. Rare. 

Ataxia crypta Say. Rare at first, but 
more common than Hlaphidion villo- 
sum in the last catchings. 

Saperda lateralis Fab. One specimen | 
only. | 

Tetrops jucunda Lec. 
only. 


Common. 
Only one 


Fairly 


One specimen 


Several speci- 


One specimen 


CHRYSOMELID®. 
| 
Donacia aequalis Say. One specimen | 
only. 


Donacia sp. 


One specimen only. 


| Lina lapponica Linn, 
| Lina scripta Fab. Common. 


CHRYSOMELID.&—continued. 


Lema cornuta Fab. Rare. 

Lema sayi Cr. Rare. 

Babic. 4-guttata Oliv. 
in the last catchings. 

Chlamys plicata Fab. Rare. 

Oryptocephulus 4-maculatus Say. Com- 
mon, 

Cryptocephalus 4-maculatus var. notatus 
Fab. Common, 


Fairly common 


| Cryptocephalus sp. Onespecimen only. 


Pachybrachys morosus Hald, Common. 

Pachybrachys carbonarius Hald, Rare. 

Pachybrachys luridus Fab. Common. 

Pachybrachys subfasciatus Hald. Sev- 
eral specimens. 

Pachybraciys striatus Lec. Rare. 

Xanthonia 10-notata Say. Common. 

Glyptoscelis pubescens Fab. Rare. 

Myochrous denticollis Say. Rare. 

Typophorus canellus Fab, Not com- 
mon. 

Metachroma quercata Fab. Rare. 

Metachroma luridum Ol, Rare. 

Colaspis brunnea var. costipennis Cr. 
Common toward theend of the season. 

Doryphora 10-lineata Say. Rare. 

Doruphora juncta Germ. Common at 
times. 

Chrysomela similis Rog. 
mens. 

Chrysomela bigsbyana Kirby. Only one 
specimen. i 


Several speci- 


Rare. 

Diabrotica 12-punctata Fab, Abun- 
dant. 

Diabrotica vittata Fab. 
mens only. 

Cerotoma trifurcata Forst. Common, 

Blepharida rhois Forst. One specimen 
only. 

CGedionychis thoracica Fab. Common. 

Cidionychis vians Tl. Rare. 

Gidionychis petaurista Fab, One speci- 
men only. 


A few speci- 


| Gdionychis miniata Fab. Common. 


Rare. 
Fairly 


(Edionychis scalaris Mels. 
Disonycha pennsylvanica Ml. 
common. 
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COLEOPTERA—Contined. 


CHRYSOMELID-2—continued. 


Disonycha caroliniana Fab. Fairly 
common. 

Disonycha discoidea Fab. Several. 
specimens. 

Disonycha ubbreviata Mels. Fewer 


specimens than of discoidea. 


Disonycha 5-vittata Say. One specimen | 


only. 
FHaltica chalybea Tl. 
Haltica ignita Ml. 
mon as chalybea. 
Haltica rufa 1. One specimen only. 
Crepidodera helxines Linn. Common. 
Systena elongata Fab. Several speci- 
mens. 
Odontota scapularis Oliv. 


Common. 
Not nearly so com- 


One speci- 


men only, 

Odontota dorsalis Thunb, One speci- 
men only. 

Odontota rubra Web. One specimen 
only. 


Cassida bivittata Say. Common in the 
later catchings. 


Coptocycla aurichalcea Fab. Fairly 
common, 

Coptocycla guttata Oliv. Fairly com- 
mon. 

Coptocycla purpurata Boh. Rare. 

Chelymorpha argus Licht. Rare. 

BRUCHID. 
Spermophagus robinie Sch. Onespeci- 


men only. 


TENEBRIONID4, 


Opatrinus aciculatus Lec. Rare. 
Arrhenoplita viridipennis Fab. Rare, 
Platydema ruficornis Sturm. Scarce. 
Helops americanus Beauy. Common. 
Helops cisteloides Germ. Abundant. 
Polypleurus geminatus Sol. Rare. 


CISTELID 2, 


Hymenorus obscurus Say. Common, 
Hymenorus dorsalis Sz. Common. 
Hymenorus sp. I. Common. 
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| Capnochroa femoralis 


CISTELID4:—continued. 


Hymenorus sp. 11. Common toward the 
end of the season. 
Isomera sericea Say. Common. 
Mels. 
common in the last catchings. 


Chromatia ameena Say. Rare. 


Fairly 


LAGRIIDA#, 


| Statira gagatina Mels. Fairly common 


late in the season. 


MONOMMID&, 
Hyporhagus punctulatus Thom. Rare 
MELANDRYID A. 


Hypulus (liturata). Onespecimen only, 
Eustrophus tomentosus Say. Scarce. 


PYTHIDA. 


Boros unicolor Say. Rare. 


MORDELID 4. 


Mordella 8-punctata Fab. Common in 
the last catching. 

Mordella sp. Several in the last catch- 
ing. 

Glypodes helva Lec. Scarce. 

Mordellistena sp. Scarce. 


ANTHICIDA. 


Eurygenius wildii Lec. Fairly com- 


mon. 
Notoxus nuperus Horn. Fairly com- 
mon. 
Notoxus bicolor Say. Rare. 
MELOIDA. 


Macrobasis unicolor Kirby. Rare. 
Epicauta vittata Fab. Rare. 


RHINOMACERID#, 
Rhinomacer elongatus Lec. Rare. 


RHYNCHITID A, 


Pterocolus ovatus Fab, Fairly common, 
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COLEOPTERA—Continued. 


OTIORHYNCHID. 


Pandeletejus hilaris Hbst. Rare. 
Aramigus fulleri Horn. Abundant, es- 
pecially in the early catchings. 


CURCULIONID 45. 


Apion spp. Common. 

Pachylobius picivorus Germ. Abun- 
dant. 

Hylobius pales Hbst. 
only. 

Lixus concavus Say. Rare. 

Lixus musculus Say. Rare. 

Otidocephalus chevrolatii Horn. 

Coccotorus scutellaris Lec. Rare. 

Anthonomus scutellatus Gyll. Abun- 
dant. 

Anthonomus suturalis Lec. Rare. 

Lemosaccus plagiatus Fab. Rare. 


A few specimens 


Rare. 


Conotrachelus nenuphar Hbst. Ex- 
tremely abundant. 

Conotrachelus seniculus Lec. Fairly 
common. 

Conotrachelus cribricollis Say. Not 
common. 


Conotrachelus anaglypticus Say. Com- 
mon. J 
Chalcodermus ceneus Boh. Common. 


CURCULIONID4:—continued. 


Phyrdenus undatus Lec. Fairly com- 


mon. 

| Cryptorhynchus sp. 1. Common. 
Cryptorhynchus sp. il. Rare. 
Baris umbilicata Lec. Rare. 


Baris transversa Say. 

Baris spp. Abundant. 
Trichobaris trinotata Say. Rare. 
Madarus undulatus Say. Rare. 
Centrinus picumnus Hbst. Rare. 


BRENTHID 4%, 


Eupsalis minuta Dru. 
mens. 


Several speci- 


CALANDRID, 


Calandra oryza Linn. Quite common. 


SCOLYTIDAE, 


Scolytus rugulosus Ratz. Abundant. 


ANTHRIBID A, 


Toxotropis pusillus Lec. Common. 

Anthribus cornutus Say. Common. 

Cratoparis lunatus Fab. Common. 

Cratoparis lugubris Oliv. Several spec- 
imens in one catching. 


HEMIPTERA—HETEROPTERA. 


CORIMELAINID 2. 


Corimelenaunicolor Pal. Beauy. Fairly 
common. 

Corimelena nitiduloides Wolff. Fairly 
common. 


SCUTELLERID%, 


Aulacostethus marmoratus Say. Fairly 
common. 

Aulacostethus simulans Uhl. 
common. 

Camirus porosus Germ, Rare. 

Orsilochus guttatus H. Schf. One spec- 
imen only. 


Fairly 


CYDNIDA5, 


Pangeus uhleri Sign. 
mon. 
Sehirus cinctus Pal. Beauv. 


Fairly com- 


Rare. 


PENTATOMIDE, 


Stiretrus anchorago Fab. Fairly com- 
mon. 

Podisus spinosus Dall. Common. 

Podisus modestus Dall. Common. 

Proxys punctulatus Pal Beauy. 
specimen only. 

Podops cinctipes Say. Rare. 

Brochymena carolinensis Westw. Rare. 

Brochymena arborea Say. Rare. 

Brochymena 4-pustulata Fab, Fairly 
common. 

Brochymena annulata Fab, Common. 

Neottiglossa cavifrons Stal. One speci- 
men only. 

GQbalus pugnax Fab. Common. 

Mormidea lugens Fab. Common. 

Euschistus servus Say. Abundant. 

Euschistus tristigmus Say. Common. 


One 
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HEMIPTERA—HETEROPTERA—Continued. 


PENTATOMID.—continued. 


Fuschistus crassus Dall. Rare. 
Lioderma uhleri Stal. Rare. 
Trichopepla semivittata Say. Rare. 
Peribalus limbolaris Stal. Common. 
Thyantha custator Fab. Common. 
Murgantia histrionica Hahn. 
specimen only. 
Nezara pennsylvanica DeG. Rare. 
Nezara hilaris Say. Common, 
Banasa dimidiata Say. Common. 
Banusa packardtii Stal. Less common 
than dimidiata. 


One 


Dendrocoris humeralis Uhl. Fairly 
common. 

Dendrocoris fruticicola  Bergr. One 
specimen only. 

COREID 2. 

-Chariesterus antennator Fab. Com- 
mon. 

Chelinidea vittigera Uhl. One speci- 
men only. 

Corynocoris distinctus Dall. Fairly 
common. 


Archimerus calearator Fab. Rare. 

Euthoctha galeator Fab. Common. 

Acanthocephala declivis Say. Quite 
common. 

Metapodius femoratus Fab. Common. 


Metapodius instabilis Uhl. Several 
specimens. 
Leptoglossus piyllopus Linn. Abun- 


dant. 
Leptoglossus corculus Say. Rare. 
_Leptoglossus oppositus Say. Abundant. 
Leptoglossus n. sp. Several  speci- 
mens. 
Anasa tristis DeG. Rare. 
Anasa armigera Say. Rare. 
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COREID22—continued., 


Alydus eurinus Say. Rare. 

Harmostes refleculus Stal. 

Corizus punctiventris 
common. 


Rare. 
Dall. Fairly 


BERYTID&%. 


Jalysus spinosus Say. Rare. 


LYG AIDA. 


Nysius angustatus Uhl. Rare. 
Ischnorynchus didymus Zett. 
Geocoris borealis Dall. Rare. 
Oedancala dorsalis Say. Rare. 
Pamera vincta Say. Fairly common, 
Dorachosa illuminatus var. uwmbrosus 
Dist. Rare. 
Lygeus  turcicus 
Fairly common. 
Lygeus bicrucis Say. Searce. 
Lygeus facetus Say. Rare. 
Oncopeltus fasciatus Dall. 


Rare. 


var. kalmii Stal. 


Scarce. 
PYRRHOCORID ©. 

Largus succinctus Linn. Common. 
ARADIDZ. 

Brachyrhynchus granulatus Say. Rare. 

NABID. 

Coriscus sordidus Reut. Rare. 

REDUVUDA. 


Sinea spinipes H.S. Fairly common. 

Milyas cinctus Fab. One specimen only. 

Zelus luridus Stal. Rare. 

Zelus socius Uhl. Rare. 

Apiomerus crassipes Fab. Several spec- 
imens. 

Myodocha, serripes Oliv. 
mens. 


Several speci- 


HEMIPTERA—HOMOPTERA. 


JASSID A, 


Homalodisca coagulata Say. Several 
specimens, 

Oncometopia undata Fab, Fairly com- 
mon. 

Oncometopia costalis Fab. 
mon. 


Aulacizes irroratus Fab. Common, 


Fairly com- 


| Archasia auriculata Fitch. 


MEMBRACID A. 


Tylopelta gibbera Stal. Rare. 


| Stictocephala festina Say. Fairly com- 


mon. 
Rare. 


FULGORID®, 


| A single specimen of a large species. 
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Mr. Ashmead said that it was very gratifying that something was 
being done with the cureulio problem, and he recounted some of the 
difficulties which attended the attempt toward its control. He men- 
tioned its parasite (Sigalphus curculionis, Fitch) and suggested that 
if it did not already occur in Georgia it be introduced. 

Mr. Bruner spoke of the great variety of insects caught, and expressed 
a desire to see the complete list. 

Mr. Hopkins suggested that many of the insects would fly away in 
the process of jarring, and for that reason all the insects that might 
occur on the trees would not be taken. He thought that most of the 
Lachnosterna might thus escape, but that a better explanation of the 
scarcity of these insects in the catchings was probably in the fact that 
for some reason they were not generally abundant this season. He 
also spoke of the interesting relations existing between insects and 
fungi, as referred to in the paper comparing the curculio and the leaf- 
footed bugs in their relation to the brown-rot fungus with the mutual 
dependence between certain Scolytids and the fungus with which they 
are closely associated, in causing the death and rapid decay of forest 
trees. 

Mr. Scott said that the operation was conducted during the early 
morning hours when the insects of nearly all sorts were in a semi- 
dormant condition, and on this account many species were taken 
which would not have been later in the day. The leaf-footed bugs 
might be cited as examples, for, though captured in numbers, they 
are among the most active insects. It would have been possible to 
have listed many species of Hymenoptera, Diptera, Lepidoptera, ete., 
but it was not thought advisable because the specimens were in a 
badly mutilated condition. 

Mr. Galloway said that the agency of insects in disseminating brown 
rot was a point that should be taken into account in the treatment of 
this disease. 

Mr. Howard thought that while cheap labor made the jarring 
method practicable in Georgia, in the North the higher price for labor 
might make it too expensive. 

Mr. Ehrhorn said that this pest did not exist in California and that 
the fruit growers there were in great fear of its introduction. 

_ Mr. Gillette said that so far as he knew it did not occur in Colorado, 
and that they also entertained fears of its introduction. 

Mr. Bruner, Mr. Howard, and others, thought it would add much 
to the value of this paper if it were accompanied by a complete list of 
the insects taken in the jarring operation, and the writers were 
requested to furnish the list for publication. 

Mr. Ball then presented the following paper: 
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A SIMPLE FORM OF ACCESSIONS CATALOGUE. 
By E. D. Bau, Fort Collins, Colo. 


This Association has listened in the past to three excellent papers 
on organization methods in economic entomology, and any State worker 
at the present time who has not a thoroughly satisfactory system of 
recording his observations can not do better than carefully study the 
papers presented on this subject by Dr. Forbes, Dr. Hopkins, and 
Professor Webster; and if his department has an abundance of ecler- 
ical help he probably can not do better than to adopt one of these 
systems. On the other hand, if his working force is somewhat limited 
the modification hereafter suggested is submitted for his consideration. 
The author has, however, no intention of offering a system in compe- 
tition with either of these, but simply of suggesting one or two modi- 
fications that can be used in connection with any of these systems or 
a modified system to be used when it is impossible to carry out a more 
elaborate one in detail. 

The average working force of our stations in economic entomology 
does not exceed two men, and if the division of salary be any criterion 
then not over one-third to one-half of their time is devoted to the eco- 
nomic work. Now, under such conditions it would be impracticable 
to maintain a system of recording requiring the expenditure of any 
considerable amount of time in the clerical part and at the same time 
carry on any very extended experimentation, hampered as they are 
by the ordinary routine of the college work. 

Another important factor that may well be considered here is that 
in this combination of college and station not all collecting is along 
economic lines, but that one of the duties as a college officer is to build 
up a systematic collection, an obligation requiring almost endless years 
of careful and thorough work. Naturally enough this work and that 
of the station is carried on at the same time, and it would seem that 
the best system of recording for the smaller stations, and, in fact, for 
the great majority of our stations, would be that in which the two dif- 
ferent objects could be combined, and that with a minimum amount 
of clerical work, label writing, bookkeeping, ete. 

The following system which was experimented with by the author 
and finally adopted at the Iowa station, and which has been used in 
the Colorado station for three years, seems to meet these require- 
ments and at the same time furnish a broad enough basis on which to 
build up any one of the complete systems, if one chooses to do so. 

In this system, which may be conveniently called the date system 
from its fundamental principle, the accession catalogue contains one 
entry for each trip or special collection, this entry being in the form 
of a date, giving the year, month, and day; then every specimen as it 
is labeled up, in place of an accessions catalogue number, as in ordi- 
nary way, bears the place of capture and the date on a single small 
label. 
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When a collection is made, the first thing to do is to write up the 
accessions catalogue. To do this, write the date in the left-hand col- 
umn in figures, the month first, as 6-12, the year being written only 
once—at the top of each page. In the second column write the 
locality just as it appears on the label, and in the third column the spe- 
cial locality where these insects were taken. In the next column 
write the name or simply the initials of the collector. Then for the 
rest of the width of the page any notes of value on anything taken, 
as in any other system. I usually here outline the exact trip taken, 
the stops made, the particular plants collected from, etc., noting as I 
go along any facts that will add to existing knowledge. In this way 
if there is anything to record it is written out, and if there is nothing 
special to note or only facts that have been noted many times before, 
the simple date and trip note will be sufficient. Oftentimes in this way 
when the life history or food plant of a species has been made out, a 
great deal of additional information or confirmation can be gained 
from these short notes; while any deductions made at that time would 
probably have been erroneous. A sample form follows: 


1901. 


6-12 | Fort Collins. .| R.R.south----.--- E. D. B.| Nysius minutus found abdt. in strawberry bed 
sucking the juice from the berries as fast as 
they ripen. They were clustered on a tum- 
ble weed (Monolepis), which appeared to be 
their piss pee On south to altalfa 
field found elanoplus bivittatus larvee, 
small to half-grown, abdt. on margins and 
ditch banks. Swept Jasside and Cercopide 
from Agropyrum glaucum. On over to ary 
pond took Laccocera abdt., both sexes, from 
dry ground, by tence: also several Lygzids. 
| Coleopt. from willow. 

8-3 | Durango, Up hill east------ E. D. B_| Swept Artemisia 3-dentata; took  short- 

Colo. winged grasshopper, common everywhere, 


one Phlepsius sp. like one from Rifle, three 
white Anabrus from clumps on hillside. 
Swept oak: took Futtettix sp. near jucundus 
| (red) Scaphoideus, Melinna. Swept cedar; 
took Seaphoideus (white tip). red Platyme- 
| = topius, a green Eutettix and the pretty 
n.sp. 
8-15 | Fort Gollins...| North 6 miles____| C. P. G@_| Swept dry ground; took two species of Scolops 
and Driotura. Small bees from Cleome, 
Bombus from Helianthus. Typhlocybinee 
abdt.on apple. 


The labels we print ourselves on a hand press. Theyare all printed 
out except the day of the month, and where large collections are made 
on a given date the entire label is set up. The regular Fort Collins 
labels are all printed in advance for the season; the others are printed 
at odd times and as they are needed. 

The labels are never over 10 mm. long and 3 mm. wide; the card 
points are cut with a razor to a uniform length of 9 mm., and the 
labels are pinned at one end and extend under the card point. On 
insects that are pinned through the body the labels are pinned so as 
to extend parallel with the long axis of the insect. In this way it is 
‘very rare that a label extends beyond an insect, and never beyond a 
ecard point, thus insuring a neat collection. 


39 


In referring to the notes the date is used the same as an ordinary 
catalogue number by looking on top of the page for the year and then 
down the column for the month and day, which will follow each other 
in serial order the same as in a series of numbers, and will be found 
as readily. Having found the date one will always find the exact 
location and conditions of capture and any other notes thought worth 
recording at the time. 


ADVANTAGES. OF THIS SYSTEM. 


The main advantage of this system over the others is in the fact 
that one can collect and record any number of specimens of a species, 
or any number of species, without materially increasing the labor 
beyond the mere labor of mounting and labeling any specimen, while 
in the other systems each individual specimen must have its acces- 
sions-catalogue number written out and placed on it, a special entry 
made in the accessions catalogue for every species, with all of its 
accompanying records, cross-references, etc., and consequently but 
few specimens can be mounted in a given time. 

Another important factor of utility is in the fact that it is not at all 
necessary to separate or mount up any of the specimens at the time of 
capture. “All that is necessary is to write up the record, place the 
locality and date on the package containing the specimens, and it 
serves the double purpose of an accessions number and the future 
label. In practice we usually mount the specimens at the time of 
making the record and then put them away to dry, labeling them up 
at any convenient time thereafter. ; 

The greatest gain comes from the fact that there is nothing placed 
on the insect that is not necessary to any well-mounted specimen, i. e., 
a place and date label, and that nearly all of this label is or can be 
‘printed, thus requiring a minimum of hand work. 

The fact that this system requires that every specimen be correctly 
labeled with both place and date will commend it to many persons 
who have received material for determination from half a dozen dif- 
ferent experiment stations bearing nothing more distinctive than a 
lead-pencil number. 


An animated discussion followed the reading of this paper. 

Mr. Felt suggested that numerals should not be used to represent 
months. He thought that less confusion would come from the use of 
such abreviations as Jr. for January and Mr. for March. His system 
of note taking required cards, a field book, and an accessions book, 
each being employed for special conditions and rarely duplicating. 
He thought he could not adopt Mr. Ball’s system to advantage. 

Mr. Cockerell said that he used no numbers, and thought that cards 
were more convenient than record books.” In his experience insects 
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were frequently recorded from localities in which they never occurred, 
but were so labeled because the owner or collector happened to be 
there. 

Mr. Hopkins said that his system had been modified and improved 
since it was first announced at the Madison meeting; that he was more 
than ever convinced of the importance of some well-planned and con- 
venient system, varied according to the special needs and requirements 
of the individual collector or investigator, by which the necessary col- 
lecting notes and original observations may be permanently recorded, 
so that they will be available and intelligible as long as the specimens 
and notes may exist. 

The records which he considers as absolutely necessary to accom- 
pany all specimens are, exact locality, date, collector’s name, and if any 
further notes are made on food habits, life history, descriptions, ete., 
an unduplicated number (for the species of any given accession cata- 
logue or set of notes) should always accompany the specimens. He 
said that locality and date labels with collector’s name are all right and 
all that are necessary simply for collected material, but all biological 
material, and that on which special observations are noted in a book 
or on a ecard, should, in order to be of permanent value, bear a number 
referring directly to a corresponding number of the entry in the book 
or on the ecard. To avoid the large numbers which would result from 
many years of active work, he has adopted asubcharacter or subnumber, 
or both, to distinguish the many species which may come under the 
head of one general note; as, for example, the insects collected from 
a dead pine tree, accession No. 7775 would refer to the general note, 
while the separate species and their relation to each other and to the 
treesmay be designated by the addition of a letter to the number (7775a), 
which may be extended, as required, from a to z, aud still further 


extended by double letters, or better by HE = & ¥, m p, ete., to 


designate several species found on different parts of the tree, or also 
the parasites and other natural enemies associated with a given enemy 
of the plant. 

With this system it is not necessary to identify the species in the 
field, since the individual number will enable it to be identified at any 
future time or by a specialist, and the name subsequently entered 
with colored ink in the original note. 

He stated that it seemed to him that the permanent usefulness and 
advancement of economic entomology depended, to a great extent, on 
accurate and full field notes systematically recorded, so that they will 
be most available for the individual worker, his assistants, and 
successors. 

Mr. Caudell said that a system almost exactly like that here pro- 
posed by Mr. Ball was introduced some two years ago by a writer in 
the Journal of Applied Microscopy and Laboratory Methods, Volume 
il, page 449 (1899). The scheme was recommended for all kinds of 
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objects, and the individual number is prefixed to the regular num- 
bers, instead of added, and the day of the month comes first. Thus, 
the example quoted, a specimen collected on August 12, 1899, would 
be 1-12-8-99, 2-12-8-99, and so on. 

Mr. Ball replied that the system referred to by Mr. Caudell related 
to keeping slides of embryological and histological material, and 
while the date system part of it was the same, the application was 
quite different. He had been using the system five years before that 
one was published. He also said that every collector ought to be able 
to give the genus of the specimens taken, but that if he could not, a 
few descriptive words would serve to identify the species when the 
material was worked over. [Ile suggested that it be borne in mind 
in the discussion that the present system was not offered as an 
improvement upon the systems of Messrs. Felt, Hopkins, and Forbes, 
nor for any laboratory where they had help enough to carry out one 
of these systems, but that he thought that it was an improvement 
upon the system in use in the majority of economic laboratories and 
that the date system feature might be incorporated into any system 
to advantage. 

Mr. Ashmead indorsed Mr. Hopkins’s system and said that he 
always put the name of the collector on the specimens received at the 
museum. He ordinarily used two labels, but three were used when 
the original label of the collector was retained. He thought it of pri- 
mary importance to accompany the specimen with the name of the 
collector. 

Mr. Bruner agreed that the name of the collector should always 
appear and said that he used printed labels. 

The session then adjourned to meet at the capitol at 9 o’clock the 
next morning for the purpose of looking over the State museum, 
returning to the high-school building at 10 a. m. for the morning 
session. 


MORNING SESSION, AUGUST 24, 1901. 
Mr. Howard read a paper entitled: 
A PRELIMINARY REPORT ON THE SAN JOSE SCALE IN JAPAN. 


By C. L. Maruatt, Washington, IDOE 
/ 
\ 


The investigation of the San Jose scale in Japan by the writer has 
reached the stage when it is possible to give a definite conclusion on 
the question of original home so far as Japan is concerned. The 
report is provisional only in the sense that some work remains to be 
done in the northern provinces, which can hardly alter the conclu- 
sions, and that time and facilities are lacking to make it full and 
complete. 

In the three months already spent in Japan the writer has explored 
the main islands pretty thoroughly from Tokio southward to the 
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lower extremity of Kiushu—the large island completing the chain on 
the south. In all some 35 provinces or districts have been visited and 
earefully examined, the points being selected where orchard and nur- 
sery interests were oldest and most important. There remains to be 
explored the north half of the main island (Hurdo) and the northern 
island of Hokaido, the whole of Japan covering a stretch of latitude 
about the equivalent of from Newfoundland to Florida. 

The Japanese Government has taken and is taking the greatest inter- 
est in the investigation, and has sent out with the writer one of the offi- 
cials of the Central Agricultural Experiment Station of Tokio, Mr. 8. 
K. Hori, a capable entomologist of Cornell training, and, further- 
more, has interested the agricultural experiment stations and schools 
and governing authorities in the provinces throughout the Empire in 
the investigation, and extended a multitude of courtesies which it 
would be impossible here to list. 

All scale insects have been studied and collected, and especially 
those of fruit trees and economic plants, and—as far as possible with- 
out interfering with the main object—other injurious insects also. 

This report, however, relates to the San Jose scale exclusively, 
except as it seems desirable to include some facts discovered relating 
tothe peach, plum, cherry, and mulberry scale (Diaspis pentagona), 
the very general occurrence of which in Japan has a very marked 
influence on the role played by the San Jose species. 

To give a correct picture of conditions, some knowledge of Japanese 
fruit-growing must be had. In the first place, this industry as known 
to America is unknown in Japan, except in a few small districts. 

The great mass of the Japanese fruit trees are grown as yard orna- 
ments, or in little garden patches attached to the dwelling houses. 
Every little thatched cottage has its flowering cherry tree and plum 
tree, and very possibly a pear, a peach, a persimmon, and very often 
an orange tree. Sometimes two or three of each sort will be grown, 
and the more pretentious gardens of the wealthier townsmen amount 
to miniature orchards—the different fruit trees and ornamental plants 
being jumbled together in rank confusion. In other words, the pop- 
ular fruit and flowering trees, while universally grown, are in very 
small numbers. 

There are a few orchard districts where numerous patches of from 
one-fourth acre to 3 or 4 acres of fruit trees oceur. These are chiefly 
of the old native pear tree, more or less invaded by replantings of 
American trees or new orchards of the same, some small apple orchards, 
(more extensive in the north, where I have not been) very rarely a 
small peach orchard (only two seen), and in the south small orchards 
(not common) of orange. 

The walnut orchards of the island of Kiushu are the only ones that 
truly compare with orchards in the American sense. 

Growing fruit, and especially the deciduous varieties, amounts to 
little in Japan, but is increasing with the introduction of American 
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varieties. Her enormous population of 46,000,000 has compelled the 
growth of cereals and other necessities of life wherever possible, and 
among these necessities tea and mulberries must be included, but 
these are grown as hedge plants, or where rice can not be grown very 
often. 

A people too poor to enjoy more than the most meager living, the 
Japanese have not indulged very much in such luxuries as fruits. 

Their love of the beautiful, manifested in a thousand ways, finds 
its most common exemplification in the presence everywhere of flower- 
ing trees (cherries, plums, ete.) where fruit trees might be grown, and 
the conditions briefly described have been characteristic of the coun- 
try for two thousand years—her agriculture being scarcely altered 
from the time of Alexander. 

The distinctively native Diaspine scale of Japan is the Diaspis pen- 
tagona already referred to. It is what we know in America as the 
white peach scale, and which in Italy is the enemy of the mulberry. 
In Japan this seale is found on the flowering cherry and plum, grown 
in every dooryard, in all the parks and temple yards, along roadways 
and along the little strips of soil dividing one rice patch from another, 
and isalmost worshiped in the season of bloom. These trees, cherished 
as nowhere else in the world, attain a great age, and when protected 
by dryness or almost immovable supports, inclosed with fences and 
marked and labeled with imposing stone monuments, become to the 
entomologist valuable records of insect work or the absence of it, of 
one or two hundred years’ standing. The peach—a rough-barked 
scraggy tree in Japan—it infests as arule but slightly. The mulberry 
is often badly attacked, as are also other plants, and notably the Kaido 
a green-barked ornamental tree very commonly grown. 

The reason for believing this scale insect to be undoubtedly native or 
introduced so long ago as to practically amount to this is that it occurs 
everywhere, not only on the main islands, but on the little islands 
also; and, furthermore, in every dooryard and on absolutely every 
eherry and plum tree within the limits of the Japanese Empire. Such 
universal and invariable occurrence I have never witnessed anywhere 
else, nor in the case of any other scale insect. 

Very rarely does it oceur more than seatteringly, so that great 
damage is not often suffered. Chaleidid parasitism does not play so 
important a role in keeping it thusin check. The chief agent in this 
direction is a little twice-stabbed ladybird, which I identify from the 
named collection at the hands of Mr. Nawa, at Gifu, as Chilocorus 
similis Rossi. This little beetle, looking almost exactly like our C. 
bivulnerus, though possibly smaller, is everywhere with the Diaspis, 
feeding as larva or adult on it, and keeping it from often developing 
in large numbers. 

. The San Jose scale, on the other hand, presents a very different 
picture, and is undoubtedly of comparatively recent origin in Japan. 

While oceurring rarely on many plants, it is economically limited 
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to its attacks onthe pear and apple, having spread (rarely, as the con- 
ditions show) tothe others from these two. 

The pear in Japan is represented by the old orchards of native trees 
and dooryard or garden trees, usually also native for the most part. 
These orchards and trees are usually of considerable age, fifty to one 
hundred years, except the replants. During the last thirty years a 
good deal of American pear stock has come into Japan chiefly from 
California without any fumigation, and very often undoubtedly 
infested with the San Jose scale. 

The nursery business in Japan is very largely limited to three 
principal nursery districts or communities, and these were early thus 
infested, and the new stock from America and the native varieties 
grown in the nursery alongside of the former, and infested therefrom, 
have been sent out all over the Empire in small lots and used to 
replace trees in old native orchards or planted here and there in yards 
and gardens, scattering the San Jose scale exactly as it was in eastern 
America a few years ago, and the San Jose scale conditions in Japan 
to-day are the exact counterpart of what they are in our Eastern 
States. 

In many instances I was able to see the beginning of scale infesta- 
tion on American or other stock obtained but a few months before 
from one or other of these nurseries, two of which I have examined. 
In two instances, at least, the San Jose scale was on the young stock of 
experiment stations—American varieties, which the stations were 
experimenting with and about to introduce in their respective 
provinces. 

In most of the orchards of native trees only, the scale had acquired 
but a very slight foothold. Newly set trees (which were traced in 
nearly every instance to one of these nurseries) were the centers of 
contagion, or in some instances new orchards alongside of old ones 
had carried the scale to the bordering trees of the old orchard. 

Old native pear trees in yards and gardens are usually still exempt 
from this scale, and when infested, easily accounted for by the near-by 
presence of new stock. It very naturally suggested itself that the 
native pear of Japan is resistant to the San Jose seale, and this is the 
more plausible because it is a rather scraggy, rough-barked plant, 
much more so certainly than the American varieties. 

A very little examination demonstrated, however, that the San 
Jose scale once carried to one of these native pear trees affects it just 
as severely as it does the American variety. In other words, it is not 
scattering or rare, but when it once gains lodgment, multiplies rap- 
idly in the temporary absence of its ladybird enemy, and occasion- 
ally kills a tree. Were it a native species we should certainly find it 
widely scattered, though probably sparingly, in these old orchards 
and yardtrees, as is the Diaspis on the cherry and plum, ete. 

The apple is scarcely grown at all in the south two-thirds of the 
Empire, save as exemplified by a few orchards near Tokyo. Further- 
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more, this fruit as economically cultivated is of recent and purely 
American origin. The native apple of Japan is a crab, grown more 
for ornament than fruit, and a very rare tree, unknown to most 
Japanese. 

The improved varieties of apples now grown here came from Amer- 
ica (California), and the industry is not 30 years old. Much of the 
stock was undoubtedly infested when received, and I am informed 
that the orchards of north Japan have suffered much from this inseet, 
from the start, although the nature of the trouble has not been long 
recognized. Its very general non-ocecurrence in the one or two-hun- 
dred-year-old plum and cherry trees, or those of lesser age grown in 
thousands throughout the Empire, is very significant, especially as it 
attacks both of these trees when carried tothem. It should be remem- 
bered also that Koebele did not find it in Japan at all some ten years 
since. 

It is perfectly patent, therefore, that the San Jose scale came from 
America to Japan on American fruit trees which have been regularly 
imported during the past thirty years, and chiefly from California, 
where the San Jose scale has been longest and worst. Its wide distri- 
bution in Japan has been by the leading nurseries, just as in America. 

It is here that the Diaspis has benefited Japan. The little lady- 
bird enemy of this native scale insect has taken readily to the 
introduced species, and has very materially checked its injuries. As 
already shown, there is not a corner in all Japan where this ladybird 
does not occur with the Diaspis, and wherever the San Jose scale has 
been carried it has found this active and fecund predaceous insect 
ready to devour it, and very rarely does a tree at all badly infested 
long escape discovery and measurable protection. Isolated trees 
may become covered with scale before the beetles find them, or new 
orchards and replanted trees infested with scale will be injured, but 
it does not last long, as a rule. 

The San Jose seale is attacked also by one or two Chaleidid para- 
sites, presumably the ones we have in America and brought to Japan 
with the seales or cosmopolites. (Sent to Dr. Howard for identifica- 
tion. ) 

Further, the San Jose scale, together with other Diaspine seales in 
Japan, is badly attacked very often with what appears to be the same 
orange-colored fungus which we find in our Southern States. The 
climate here is especially favorable for the fungus—moist and sultry 
heat characterizing much of the year. 

So much for the origin and present status of the San Jose scale in 
Japan. It may be of interest to add some notes on one or two allied 
subjects. 

For a long time the Japanese entomologists and some foreign ones, 
notably in Germany, have held that the scale in Japan represented 
a different species, or at least variety, from the American insect. I 
am now able to confirm an older belief of mine that this is not the 
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case. The Japanese insect is the typical San Jose seale. All the 
features and characters noted in the so-called varieties may be found 
in a single colony together with the typical scale as we know it in 
America. 

I merely mention this misconception here to report a false security 
felt by German importers and officials in letting Japanese plants come 
into Germany and other European countries without cheek until 
within the last twelve months, when Germany included Japan with the 
United States as dangerous sources of plants. 

The dwarf pear and apples, etc., in the chief nursery of Japan are, 
as I have found, all infested with San Jose scale. (The dwarf trees 
are ordinary nursery trees from the nursery rows, starved and cut 
back, and not special varieties.) These have been exported, the pro- 
prietors inform me, to America, to two or three ports in Germany 
(up to twelve months since), and are still sent to England. When 
‘sent to America they are now fumigated, because Mr. Craw has sent 
some lots seale-infested to limbo. Most of the export plants are orna- 
mental plants, pines, maples, etc., but a good many of the quaint 
dwarf fruit trees in flower pots and bearing fruit are also sold and 
shipped abroad. I donot think this need alarm Europeans, for I much 
doubt whether, with the climatic conditions of Europe and with the 
conditions of fruit growing there, the San Jose scale ever will amount 
to much on that continent. 

In connection with the identification of the San Jose scale in Japan, 
I wish to add that Professor Sasaki, the entomologist of the Agricul- 
tural College of the Imperial University, following Professor Cockerell, 
has held that the Japanese scale was distinct from the form occurring 
in America. He also expressed to me the alternative belief—not at 
all compatible with the first, however—that if the same species it 
came to Japan from America on imported stock. 

In the last view he is undoubtedly correct, and I have no doubt 
but that he will give up the former view, which he has hitherto urged 
very strongly. 

His chief anxiety, evidently, was to free Japan from the onus of the 
San Jose scale of America one way or another, and both of his theories 
attained this end. He is therefore well pleased with this report. 

As an economic problem the San Jose scale is not so important for 
Japan. It is widely distributed already, and extermination is out of 
the question, but the natural conditions of climate, character of fruit 
growing, fungous disease, and parasites will probably always keep the 
seale in check. 

Most orchards of pear and apple, etc., are grown as we do grapes, 
on trellises, and the trees are cut back to mere dwarfs, all the branches 
being within easy reach. 

Labor is so cheap that the trees can be given a very thorough naw 
scrubbing every winter, and now in places it is the practice to do this 
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with a salt-water wash, just on general principles of cleanliness. I 
have felt it merely necessary to recommend soap instead of salt as 
more valuable where scales are concerned. 

The important feature for America is the Japanese ladybird (Chilo- 
corus similis). With the literature available here I can not determine 
whether this beetle has already been carried to America by Koebele 
or Compere, but I am expecting daily information on this point from 
Washington, so that if necessary I can send, or at least make the 
attempt to send, living beetles to California and the East. 


A general discussion followed the reading of Mr. Marlatt’s paper. 

Mr. Cockerell said that he was very glad to hear Mr. Marlatt’s 
paper, as it threw a great deal of interesting light on the conditions 
existing in Japan. Hitherto we had greatly lacked information of 
this sort. He wished to correct one statement in the paper, that he 
(the speaker) considered the Japanese insect distinet from the true 
San Jose scale. This was the exact reverse of the truth, but he did 
consider that the scale presented some varieties in Japan, as, for. 
example, the one feeding on orange trees, a thing the insect in Cali- 
fornia never did. Mr. Marlatt’s statement about the Chilocorus was 
very interesting. The speaker had noticed a similar case in Arizona 
when the Chilocorus cacti, feeding normally on the native Diaspis 
toumey?, came to prey upon the introduced date palm scale (Parlatoria). 
As regards the main proposition advanced by Mr. Marlatt, that the 
San Jose scale was certainly not a native of Japan, Mr. Cockerell 
could not see that any proof had been offered. The fact that the 
insect occurred mainly upon imported American varieties was just 
what might be expected if it were native to Japan, as the American 
varieties would be less resistant than the Japanese. It has been 
observed by Dr. John B. Smith that the Keiffer pear was, to a con- 
siderable degree, resistant to the scale. Now, this pear was a hybrid 
with the Chinese sand pear, and it seemed to show that trees having 
Chinese or Japanese blood, or one should say sap, were more or less 
resistant to the scale. The fact that the scale was not found on wild 
plants in Japan proved nothing. Mr. Cockerell had found many 
Coccids in New Mexico on wild plants, and though the plants were 
abundant the Coccids were usually confined to very limited localities, 
and even after years of residence in the immediate vicinity were very 
likely to be overlooked. He also knew of cases such as those of 
Toumeyella mirabilis and Dactylopius prosopidis in which these iso- 
lated colonies were entirely destroyed by parasites or predaceous 
enemies. 

The San Jose scale belonged to a Palearctic or at least a Holarctie 
group, and must surely have originated in the northern temperate 
zone. It certainly could not be supposed to come from Europe, and 


48 


it did not seem likely that it was American. Hence, on general princi- 
ples, one would look for its home in eastern Asia. However, the 
speaker thought it might just as well have come from China as Japan. 

In concluding, Mr. Cockerell said he did not accept the view that 
Diaspis pentagona was certainly a native of Japan. On some such 
grounds as those mentioned by Mr. Marlatt it might be referred to 
Jamaica and various other places. He did not consider we yet knew 
certainly where this scale originated. 

Mr. Jordan said that a very large proportion of the flora of Japan 
came from China, more especially the fruits, and it was therefore 
possible that the San Jose scale might have been introduced into 
Japan from China. Upon his trip to Japan he was impressed with 
the utter neglect of the orchards in that country and the wholesale 
destruction of birds. 

Mr. Kellogg said that Mr. 8. I. Kuwana, assistant in entomology at 
Stanford University, spent all of last summer collecting and studying 
the Japanese scale insects, giving special attention to the San Jose 
scale. Eighty species were taken, twenty of which were new. Mr. 
Kuwana visited three of the four principal islands of the Empire, and 
found the San Jose seale generally distributed throughout these islands 
in native orchards as well as on imported trees. The San Jose seale 
has been known to the natives of Japan for more than thirty years 
under the name of ki-abura. He could not agree with Mr. Marlatt 
that the weight of evidence was in favor of America as its native 
home. He was of the opinion that there were not yet sufficient facts 
at hand to determine this point definitely, but that the present indi- 
cations were that the insect came from Japan to California. He stated 
that Mr. Kuwana had found the seale attacked by parasites and pre- 
daceous insects, which would have some weight in favor of Japan as 
its home. He thought that both Mr. Marlatt and Mr. Kuwana had 
made a mistake by confining their investigations to the lines of the 
railroad instead of giving the wild plants more particular attention. 

Mr. Howard said that in his opinion Mr. Kellogg’s statement as to 
parasites did not affect the point in question, that native parasites 
might attack an introduced species of scale. He thought also that 
old native trees were quite as liable to the attacks of scale as intro- 
duced plants. He said that Mr. Marlatt’s wide experience in the study 
of the Diaspine group of scales in the eastern United States admirably 
equipped him for the investigation now in progress in Japan and that 
his expressed opinion should have the greatest weight. He held to the 
opinion that the weight of evidence indicates that Japan is not the 
original home of the San Jose seale, but that it was introduced into 
Japan from America; but stated that Mr. Marlatt would be instructed 
to extend his investigations into the wild country, in the hope of 
securing further facts bearing upon the question at hand. 

The next paper on the programme was presented by Mr. Hopkins: 


49 


NOTES ON (1) THE PERIODICAL CICADA IN WEST VIRGINIA; 
(2) THE HESSIAN FLY; (3) THE GRAPE CURCULIO. 


By A. D. Hopkins, Morgantown, W. Va. 


[| Withdrawn for publication elsewhere. } 


Mr. Ehrhorn wanted to know if the parasite of the Hessian fly was 
abundant in West Virginia, and stated that these parasites did not 
exist in California, and that he desired to obtain some material in the 
hope of establishing it in his section. 

Mr. Hopkins replied that these parasites were very abundant last 
year, but not effective. 

Then Mr. Felt presented the following paper: 


FURTHER NOTES ON CRUDE PETROLEUM AND OTHER INSECT- 
ICIDES. 


By E. P. Fett, Albany, N. Y. 


A preliminary paper on some work along these lines was read by 
the writer at our last meeting and a full account of the experiments 
in 1900 has been presented in his report for that year, and the results 
there set forth need no repetition at this time. No very apparent dif- 
ferences among the trees experimented upon, aside from those 
recorded during 1900, were observable in the spring of 1901. All the 
trees passed the winter about equally well, after making due allow- 
ance for their condition, and though several trees died, it was only 
those which were in a desperate condition the preceding autumn. It 
is rather significant that of the three trees sprayed with undiluted 
kerosene in the spring of 1900, but one was alive a year later, and of 
the four treated with undiluted petroleum, but two were alive, and 
both of these came through the winter with a large proportion (25 to 
50 per cent) of their branches dead. It is but just to add that most 
of these trees, as previously recorded, were at the outset very badly 
infested with San Jose seale. 

The poor results obtained with spring applications of kerosene and 
mechanical emulsions of the same led to the concentration of the work 
on the more promising insecticides, namely, crude petroleum and 
whale-oil soap in various combinations. 

Another test was made with undiluted crude petroleum. Some oil 
was sent me direct from the Frank Oil Company, Titusville, Pa. It 
was a light amber-colored oil, said to test from 44° to 45° on the 
Beaumeé oil scale, and in the field, just before spraying and at a tem- 
perature of about 65° F., it gave a reading of 43.3° Beaumé. Two 
trees were sprayed April 11, 1901, with this oil. The day was bright 
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and there was a gentle breeze. Tree 116, a badly infested Lombard 
plum, showed serious injury July 3, at which time several limbs were 
dying and the remainder did not present a normal, vigorous appear- 
ance. August 9 the tree was dead and all the leaves thrown out in 
the spring had shriveled. Tree 117, a very badly infested Crawford 
peach, was also sprayed at the same time, and July 3 it was dead. 

It might be added that the oil was used liberally, and that in the 
case of tree 117 the infestation was so very bad that it was hardly 
expected that the tree would survive. 

Some comparative experiments with mechanical crude petroleum 
emulsions were made. The above-described oil from Titusville and 
an oil used in the experiments last year were tried. The latter was 
purchased in the Albany market as crude petroleum sold by the 
Standard Oil Company. It is a quite fluid greenish oil, and that used 
in 1901 gave a reading in the field of 41.8° Beaumé. Neither the 20 
nor 25 per cent emulsions of either oil injured the trees, so far as 
could be seen, this agreeing with the results obtained with the emul- 
sions of Standard oil in 1900. The Standard oil, that is the heavier 
one, appeared to be a little more effective as an insecticide, but asthe 
lighter Titusville oil has been used in 25 to 50 per cent emulsions 
without injuring the trees and with very satisfactory results as an 
insecticide, it would appear that the heavier the oil the less can be 
used with safety and the more effective it is as an insecticide. There 
is evidently a very narrow margin between the amount of this sub- 
stance necessary for satisfactory work against scale insects and that 
which will seriously injure or kill trees, especially peach and plum 
trees, and in the case of those very badly infested, particularly if the 
bark is quite rough, it is doubtful if enough oil can be applied to 
kill practically all the insects and at the same time not injure the tree 
seriously. 

The experiments tried last year with a combination of 1 pound of 
whale-oil soap to 4 gallons of water, to. which was added 10 per cent 
crude petroleum, were not quite satisfactory, as it was hoped that the 
combination would prove more effective as an insecticide and less 
injurious to the trees than either substance separately in the usual 
proportions. This year both 10 and 15 per cent of the crude petroleum 
obtained from the Standard Oil Company were used in combination 
with the pound to 4 gallons solution of whale-oil soap. There was no 
perceptible injury to the trees in either case, and the San Jose seale 
was pretty thoroughly checked with both mixtures, the one with the 
higher per cent of oil giving on the whole the best satisfaction. 

The results obtained with whale-oil soap solutions, both 1} and 2 
pounds to the gallon, were up to date practically the same as those of 
last year. The scale was severely checked, but in no instance was it 
so thorough as where crude petroleum in some form was used. Two 
pounds to the gallon gave a little better result than the weaker 
solution. 


51 


Mr. Scott said that he had made similar experiments in Georgia 
looking to the control of the San Jose scale and had obtained gratify- 
ing results. He had used a 25 per cent strength of crude oil with 
water on peach and plum trees, spraying in the winter time, with the 
results that the scale had been effectually destroyed and the trees 
not damaged. He had found, however, that the undiluted crude oil 
killed peach trees outright, as did also refined kerosene. He had 
used the Pennsylvania crude oil registering 43° on the Baumé oil 
seale. The high price of the crude oil, as purchased from the Stand- 
ard Oil Company, made it more expensive than refined kerosene, and 
for that reason, and because of its variable character, he did not rec- 
ommend it for general use. For three years he had used a 20 per 
cent strength of kerosene with water as a remedy for San Jose scale, 
and the results were all that could be expected from the application 
of any spray whatever. He said that at the recent meeting of the 
Georgia State Horticultural Society the general expression from the 
fruit growers was to the effect that the San Jose scale was no longer 
feared since the kerosene treatment had proved so effective. He said 
that infested orchards of more than 100,000 trees each were being 
successfully treated. 

Mr. Felt suggested that perhaps the San Jose scale did not become 
so dormant in Georgia as it did farther north, which would explain 
the successful use of comparatively weak applications of insecticides. 

Mr. Scott replied that this was true, as he had frequently found 
the seale breeding on warm days in midwinte:. 

Mr. Kellogg expressed a surprise that the price of crude petroleum 
should be so high, and suggested that it might be obtained at a 
reasonable price direct from the oil wells. 

Mr. Gillette then presented the following paper: 


NOTES ON SOME COLORADO INSECTS. 
By C. P. GILLETTE, Fort Collins, Colo. 


Nysius minutus has been unusually abundant in portions of Colo- 
rado this summer, and numerous inquiries have been received con- 
cerning it. 

My attention was first called to it by being told that it was destroy- 
ing the strawberries upon the experiment station grounds. A visit to 
the strawberry patch was made at once and the bugs found in large 
numbers upon leaves, fruit, and blossoms, but most numerous upon 
fruit, both green and ripe. They were not giving special attention to 
strawberries, however, as they were much more abundant on some of 
the weeds growing between the rows, and particularly were they abun- 
dant upon wild mustard and Monolepis nuttallii, wilting the plants to 
the ground. Plants of yellow dock, and even Helianthus, were liter- 
ally covered with them. In fact, hardly any species of plant in the 
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vicinity entirely escaped the accumulations of these bugs; but that all 
served as food plants I am not certain. It is a common insect in the 
State upon beets, and has been reported to me as injuring cabbage 
and cauliflower. 

The usual contact poisons—kerosene emulsion, whale-oil soap, and 
buhach—were used upon the bugs in the ordinary strengths without 
satisfactory results. In fact the most thorough applications would 
hardly kill any of these insects. 

Aspidiotus howardi was first found by the writer some years ago at 
Canon City, Colo., where it was present in injurious numbers upon 
European and American varieties of plum, attacking both twigs and 
fruit. Seattering specimens were also noticed at that time upon 
pears. While the scale has remained in considerable numbers in the 
small plum orchard where it was first found, I have not known of its 
oceurrence in any other locality until the present summer, when I was 
called by the horticultural inspector of Delta County, Mr. H. E. 
Mathews, to go with him to determine what scale was infesting a pear 
orchard in the vicinity of Delta. The scales could be found upon 
nearly all the pear trees in the orchard, attacking both bark and fruit, 
chiefly the latter. There were but few trees upon which the seale 
could be said to be abundant. We visited the orchard June 12, at 
which time young lice were hatching in small numbers. ‘These were 
of the usual yellow color, but the little scale that first forms over them 
is pure white. From that date to August 20, at least, these young lice 
have continued to appear. On raising the scales from the females I 
nearly always found two or three young lice beneath them, and for 
some time thought the scale must be viviparous, but a new lot of the 
scales sent by Mr. Mathews August 17 contained females beneath 
which eggs were found. The eggs apparently hatch very soon after 
they are deposited, as it is usual to find two or three young lice and 
but one or two eggs under a female. Possibly the females are both 
oviparous and viviparous. 

The scales cluster, for the most part, about the blossom end of the 
pears, and where they rest upon the cheek of the fruit they usually 
cause a depression and sometimes a red ring, which is considered to 
be characteristic of perniciosus. In this orchard occasional scales 
were found upon plums also. I have fruit with me with these seales 
upon it that you are at liberty to examine. 

Chermes abietis.—This louse is abundant upon silver spruce in Col- 
orado, especially in high altitudes, causing the cone-like galls at the 
tips of the new growth. The galls are always present in considerable 
numbers in trees of silver spruce upon the college campus at Fort 
Collins. 

Chermes sp.—Two species (possibly one) of Chermes, one infesting 
Douglass spruce and one pine (Pinus ponderosa), are abundant nearly 
every year in the northern portion of the State, at least about Fort 
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Collinsand Denver. Like C. abietis, these also deposit their eggs in 
clusters, each egg being anchored by means of one or more waxy 
threads, and covered with a white waxy secretion from the abdomen 
of the female. These lice are very small, not exceeding a millimeter 
in length. They are dark in color and are all wingless early in the 
season. Early in June winged individuals appear. These winged 
females have less of the waxy secretion with which to cover the clus- 
ters of eggs that they lay upon the leaves, and so they cover them with 
their enormously large wings. Both species seem to be entirely ovi- 
parous. The newly hatched lice arrange themselves in rows along the 
leaves, and when the white secretion is well formed they are com- 
pletely covered by it. The species infesting the pine is specially 
numerous at the new growth at the tips of the twigs, and the little lice 
winter very largely between the pairs of needles that grow together 
and near their base. 

Both lice and eggs are readily killed by the use of kerosene emul- 
sion or whale-oil soap. (Photographs were shown illustrating these 
lice. ) 


PLANT-LICE. 


The grain louse (Necta rophora granaria) did considerable damage 
in eastern Colorado last year. I know no previous record of its 
occurrence in this State. This year it has occasioned no complaint, 
and I have no knowledge of its occurrence. 

Last year Mr. Ball investigated the injuries of this louse along the 
line of the Santa Fe Railroad in the State and found wheat, oats, and 
barley attacked, but the chief injury was to wheat. 

The snowball plant-louse (Aphis vibernum) is a comparative recent 
acquisition in the northern portion of the State. For the past two 
years it has been rather abundant upon snowball bushes upon the 
campus of the State Agricultural College at Fort Collins. 

The ash gall louse (Pemphigus fraxinifolia) continues to be one of 
the worst pests that our ash shade trees have to contend with on the 
plains of the eastern slope in the State. It is not destructive to the 
trees, but seriously mars their beauty, and the secretions that fall 
from the lice are annoying, to say the least, to those who would enjoy. 
the shade of one of our best lawn trees. 

The apple louse (Aphis mali) has become one of the most common 
of our plant lice within the State, occurring upon both slopes. The 
eges blacken the twigs of apple trees in the fall so that they are 
noticed during winter by the owners of orchards, who send them to 
the Entomologist for identification. The strange thing about these 
eggs is that we have not been able to find any lice hatching from them 
upon trees where they are deposited, and twigs have been brought into 
the laboratory bearing thousands of eggs of this louse; but we have 
not succeeded in getting any to hatch. It does not seem that it could 
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be due to lack of fertilization, as the little wingless brown males occur 
in large numbers and freely copulate with the females during the fall. 

The cabbage louse (Aphis brassticce) seems to be a worse pest upon 
cabbages and ecauliflowers than the cabbage butterflies, P. rapw and 
P. protodice. 

The beet army worm (Laphygma flavimaculata), which ravaged the 
sugar-beet fields to such an alarming extent in the Grand Valley in 
the summer and fall of 1899, was almost entirely absent over the 
same area in 1900, in spite of the fact that the moths emerged in 
enormous numbers late in September for hibernation. They did 
occur in considerable numbers last year, however, in the vicinity of 
Rockyford, Colo., where sugar beets were being grown for the first 
time in large numbers for commercial purposes. The past summer 
the first brood of this insect appeared in considerable numbers, both 
at Palisade, in the Grand Valley, and in the Arkansas Valley in the 
vicinity of Lamar. It is now time for the second brood to be on in 
full force, but I have heard nothing of it yet. It looks as though 
another native insect, formerly unknown as a destructive species, had 
come to stay as an enemy to beet culture. 

The cabbage Plutella (P. cruc:ferarum).—A curious instance in the 
food habits of this insect was called to my attention the present sum- 
mer. Mr. H. E. Mathews, horticultural inspector for Delta County, 
sent me a quantity of leaves from small peach trees, with hundreds of 
small white cocoons upon them, with the statement that some new 
peach defoliator had appeared in an orchard in Delta County and he 
wished me to tell him what to do about it. I could not tell what 
the insect would turn out to be, but in a few days moths of the cab- 
bage Plutella appeared in large numbers, and I was almost as much 
puzzled as before. I told Mr. Mathews the ordinary food habits of 
the insect, and then he explained that the year previous the ground 
in this orchard had been allowed to grow up to a wild mustard, and 
that the weeds had been thoroughly kept down this summer. . The 
moths, doubtless, hatched there in large numbers and, not finding 
their natural food plants, deposited eggs upon peach leaves, upon 
which the larve developed. (Photographs of the cocoons of this 
insect upon peach leaves were exhibited. ) 

The thistle butterfly (Pyramets cardui) was unusually abundant 
throughout the State while fruit trees were in bloom, so that many 
inquiries were made as to the significance of this insect in such 
numbers. 

_ The bean ladybird (Hpilachna corrupta) does considerable damage 
to the foliage of beans, particularly wax beans, near the foothills of 
the east slope of the mountains every year, but the degree of destruc- 
tiveness varies much. The present season the injuries have been 
more severe than for several years past. It is also difficult to combat 
on account of the beans being very susceptible to injury from the 
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application of arsenical mixtures and the further fact that nearly all 
feeding is done upon the under side of the leaves. The arsenicals, 
however, seem to be our best means of destroying the beetles by 
means of insecticides. 

Phytoptus sp.—There is a Phytoptus mite that seems to be steadily 
on the increase in Colorado, which attacks the cottonwoods. As the 
leaves open in the spring, reddish excrescences begin to form about 
the buds and upon twigs and limbs, of a more or less reddish color, 
that continue to enlarge in size during the summer. The year follow- 
ing, additional growth may appear about the old gall and new ones 
form. In early spring the mites within the chambers of the galis are 
of a deep red color, while those that appear during the summer are 
lighter in color. Inthe northern portion of the State these galls are se 
abundant as to be very noticeable to passers-by when the foliage is 
off. Some trees are literally filled with them, so that scarcely a twig 
can be found without one or more of the galls upon it. 

Another peculiar development, as the result of Phytoptus attack in 
the cottonwoods, takes place in the same trees, and may be due to the 
Same species, so far as I know. It is the transformation of the flower 
catkins into large pendant masses, often 6 or 8 inches in length, remind- 
ing one of a long slender cluster of grapes. An interesting thing in 
connection with this abnormal growth is that the attack of the mites 
causes the flower parts to revert into leafy growths, pointing to the 
origin of the development of the parts of the flower. 


LEAF-CUTTER BEES. 


Until the present summer I have never heard of leaf-cutter bees 
being abundant enough to seriously defoliate plants, but am told by 
an intelligent lady residing near Fort Collins, some 10 miles from the 
foothills, that her rosebushes were so badly defoliated by them the 
past summer that it was necessary to cover them during the day to 
Save any leaves at all. 


Mr. Caudell said that in the garden of W. M. Rysler, of Delta, Colo., 
this season he saw a number of mature radishes, every plant of which 
was completely killed by the minute false chinch bug (Nysiws minutus 
Uhler), myriads of which at that time covered the entire plants. In 
some gardens he saw a patch of potatoes much injured by the larvee of 
Plusia brassice. The injury was so striking as to be noticeable from 
a distance, resembling the ravages of the potato beetle. These same 
larvee were infesting cabbage, cauliflower, lettuce, sugar beets, and 
garden beets. 

Mr. Hopkins said that he had collected the galls of a Chermes sp. 
(which Mr. Pergande thinks may be Chermes sibiricus) from the Sitka 
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spruce at Newport, Oreg., and from the Engelmann spruce at Sand 
Point, Idaho. : 

President Gillette then announced that the proposal of new mem- 
bers was again in order, whereupon the following names were offered 
and received: 

W. D. Hunter, Washington, D. C., proposed by Mr. Bruner; Ver- 
non L. Kellogg, Stanford University, Cal., proposed by Mr. Bruner; 
Dr. W. J. Holland, Pittsburg, Pa., proposed by Mr. Hopkins. 

The meeting then adjourned for lunch, to reassemble at 2.30 p. m. 


AFTERNOON SESSION, AUGUST 24, 1901. 
Mr. Seott presented the first paper of the afternoon programme, Viz: 


A PRELIMINARY NOTE ON A NEW SPECIES OF APHIS INJURIOUS 
TO PLUMS AND PEACHES IN GEORGIA. 


By W. M. Scort, Atlanta, Ga. 


Early in April, 1898, I observed a chestnut-brown Aphid in great 
numbers attacking plum trees in an orchard at Fort Valley, Ga. The 
insects were crowded thick on the growing tips and leaves of several 
thousand plum trees, and their injurious effects were then evidenced 
by the curled and twisted condition of 
the leaves and stunted appearance of 
the young shoots. 

Thinking it was probably only one 
of the well-known species of plant-lice 
common to the plum, I took no special 
notice of it more than to have the in- 
fested trees treated with 10 per cent 
kerosene in mechanical mixture with 
water, which proved to be an efficient 
remedy. 

Several days later the same conditions 
were found in plum orchards at Mar- 
shallville, and during the course of the 
Mittal dona soc aeeiwioktarones So the insect was located at a num- 

peach and plum in Georgia, much en- ber of places in middle and south 

a. (from drawing furnished by Georgia. The following year, 1899, this 

insect again showed upin numbers even 
more injurious than when first observed. Investigations during that 
year showed it to be generally distributed over the State, equally preva- 
lent inthe northern, middle, and southern portions. It wasthen found 
to infest the peach as wellas the plum. Its natural food plant would 
appear to be the wild plums, as these were found badly infested in 
every section of the State. Among the cultivated plums the Wild 
Goose, Robinson, and Mariana appear to be favorites of this insect, 
but the Japanese varieties also suffer serious damage from its attacks. 


57 


In July of the same year specimens of this Aphid began to be sent 
to the office as being injurious to the nursery stock, and the fall nur- 
sery inspection showed it to be a serious pest in the nurseries, particu- 
larly on June-budded peach trees. The terminals are attacked early 
in the season and further growth is seriously checked. 

It soon became evident that this plant-louse was not one of the 
species commonly known to infest stone-fruit trees, as I had first 
supposed. 

Accordingly, on November 4, 1899, specimens of this insect were 
submitted through Dr. Howard to Mr. Pergande, who identified it as 
apparently a new species of the genus Aphis. (This information was 
accompanied by the statement, ‘SI think it well worth your while to 
make a careful study of this insect.”) 

San Jose seale overshadowed every other pest, and all of my time 
was occupied in dealing with it. At that time, therefore, it was out 
of the question to start any breeding work whatever, and nothing 


FIG. 2.—Aphis n. sp: winged form on peach and plum in Georgia, much enlarged 
(from drawing furnished by Scott). 


could be done on the Aphis more than to make general field notes. 
At the last session of the State legislature, however, I was given an 
additional appropriation, which made possible the employment of an 
assistant and an extension of the work. 

While the nursery and orchard police work still demands most of 
the time of both my assistant, Mr. W. F. Fiske, and myself, it was 
decided that between us we might trace out the life history of this 
new Aphid. Accordingly, on March 25, 1901, a plum tree in Atlanta, 
which I had noted the previous year as being badly infested with the 
lice, was examined just in time to find the newly issued to nearly full- 
grown larvee present. These had apparently hatched from over- 
wintering eggs, as evidenced by the presence near them of the dark- 
brown shells, and the five antennal joints that developed in the adult 
as against six joints in the adults of sueceeding generations. 

From these stem mothers, colonies were established both in the 
laboratories and in the open air on young plum trees grown from 
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Mariana cuttings and also on peach seedlings. Isolated colonies on 
the original plum tree were also watched. 

In some colonies when members of the fifth generation reached 
maturity, on May 8, winged individuals developed, while in other 
colonies the winged form did not appear until the sixth and seventh 
generations were reached. Our field notes show that the winged 
form appeared in south Georgia as early as April 18, and, indeed, 
winged individuals were found in great numbers in Atlanta on a plum 
tree that was not at first under observation as early as May 1. 

All forms that have been observed to the present date are partheno- 
genetic. Only a small percentage of a colony would become winged, 
but winged individuals have continued to develop in every generation 
until the present date (August 14). 

After about twenty-four hours 
from maturity the winged individ- 
uals leave the colony and estab- 
lish themselves, either singly or 
in groups of two or three, upon 
neighboring trees, where they feed 
for several hours before giving birth 
to young. The terminals of succu- 
lent shoots were invariably selected, 
and the peach seemed to be pre- 
ferred to the plum; in fact, the 
winged were never observed to 
locate on the plum, although sey- 
eral plum trees were growing on the 
grounds. 

It was never observed that the 
direct offspring of the winged form 
Fic. 3—Aphis n. sp: adult from winged developed wings, but some individ- 

form, much enlarged (from drawing fur- qyals of the second and) suecceamm 

nished by Scott). A 

generations usually do so. 

It was also observed that when a colony was kept reduced to a 
small number of individuals no winged individuals would develop, 
but when allowed to increase to considerable numbers some such 
would always appear. 

On August 14 some of the colonies had been carried to the tenth 
generation from the winged. 

In order to get further assurance that an old species was not under 
observation, specimens were taken from one of the breeding numbers 
and submitted to Mr. Pergande, who again identified the insect as a 
new species of the genus Aphis. 

It is desired to carry this breeding work on until the true males and 
females are secured before describing the species. 

Adalia bipunctata frequented our breeding colonies in great num- 
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bers, and it was a continual fight between us and the beetles as to 
which should have the lice. 

The larve of Seymnus, as well as certain Syrphid flies and Chrys- 
opide, also preyed upon this Aphis. 


In the discussions of this paper Mr. Ashmead said that the record 
of this new Aphis attacking the stone fruits was very interesting, in- 
asmuch as this group of plants already suffered from the attacks of 
half a dozen well-known species of plant-lice. He suggested that the 
Aphidide afforded a splendid field for investigation, and that there 
was pressing need for such work. He said that Mr. Pergande was 
authority on this group and had in his possession the types of both 
Riley and Bueckton. 

Mr. Bruner said that his former assistant, the late Mr. Williams, 
did extensive work upon the aphides, 
describing 35 species, but that his 
work had not yet been published. 

Mr. Gillette called attention to the 
great danger of the black peach 
Aphis being disseminated on nur- 
sery stock, and said that it had been 
thus communicated to Colorado from 
Missouri. 

Next in order was a talk upon 
‘Fighting insects with fungous 
diseases,” by L. Bruner, Lineoln, 
Nebr. 

Mr. Bruner said in part that the 

successful control of the chinch bug 
in some sections by means of a 
fungous disease had been a great Fig. 4.— Aphis n. sp: wingless form fourth 
calamity to working entomologists, — generation, fourth stage, much enlarged 
Heemice ohis success had created. “7° drewine furnished by Beote): 
a false belief that injurious insects in general could be controlled by 
fungous diseases. As examples of insects destroyed by fungi he 
mentioned the chinch bug, locusts, and house flies. He said that the 
disease among grasshoppers would act only when conditions were 
favorable; that a grasshopper might eat a diseased one and be immune 
if conditions were not just right. 

He had received from the Department of Agriculture what was 
supposed to be the South American locust disease, which proved to 
be only a Mucor. The material was distributed over Nebraska, and 
while some who received it reported good results, others ‘‘ cussed.” 
In his experiments he had found that none of the locust diseases were 
successful. 
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In the discussion of this subject Mr. Gillette said that he often 
recommended the farmers of his State to grind the diseased and dead 
grasshoppers as finely as possible in plenty of water and then sprinkle 
the water upon plants where the grasshoppers were feeding. In his 
opinion the disease germs are usually present, and the disease will 
make its appearance when the climatic conditions are favorable. He 
believes the only object in scattering the germs is to make more 
certain the spread of the disease when other conditions are favorable. 

Mr. Cockerell was of the opinion that the diseases of insects would 
not be effective in the destruction of scattered individuals, but that 
where insects were crowded together the introduction of disease would 
meet with success. He thought much good would result from the 
dissemination of the diseases of insects. 

Mr. Hopkins then read the following paper: 


INSECTS DETRIMENTAL AND DESTRUCTIVE TO FOREST PRODUCTS 
USED FOR CONSTRUCTING MATERIAL. 


By A. D. Hopkins, Morgantown, W. Va. 


There is constantly increasing complaint among the manufacturers 
and consumers of construction timbers relating to the difficulty of 
securing material that is free from defects caused by wood-boring 
insects. This trouble appears to be due to two conditions—one a 
diminished supply of the best timber, the other that of increased 
injury to forest trees by insects. 

The increase of insects is largely due, it is believed, to prevailing 
crude and wasteful methods of lumbering and general forest manage- 
ment. The old, defective, and undesirable trees are allowed to stand, 
which, with the stumps, refuse logs, and tops in the cuttings, serve as 
breeding places for vast numbers of the kinds of insects which are to 
blame for the injuries complained of, as well as for increased damage 
to the standing timber in the remaining uncut forests. 


THE PRINCIPAL INSECTS. 


The principal insects which are injurious to the wood of forest 
trees and their timber products may be briefly referred to as follows: 

The oak timber worm (Hupsalis minuta) is without doubt the worst 
enemy of oak wood throughout the eastern, middle, and southern 
United States. It breeds in old stumps and logs, dead and defective 
standing trees, as well as in living trees, which it is ever ready to 
enter through the slightest wound in the outer wood, and in a few 
years the larvee of successive broods penetrate the heart wood and 
extend their mines for a long distance above and below the original 
entrance. Under favorable conditions the larve will continue to 
work in the heavy lumber and square timbers cut from trees thus 
infested for many years after it is taken from the woods and placed 
in the structure. Especially is this true with reference to oak timber 
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used in railroad construction, such as ties and culvert, bridge, and 
trestling timbers. This insect will breed in old oak logs as long as 
there is sufficient amount of sound wood for it to work in, and under 
favorable conditions it will doubtless do the same in railroad ties and 
other similar material which comes in connection with the ground. 

The chestnut timber worm (L ymexylon sericeun) is another exceed- 
ingly destructive insect to the wood of living, dying, and dead oak 
trees, stumps, logs, and heavy construction timbers as long as the con- 
ditions are-suitable for it to do so. The destruction of the wood of 
old chestnut trees throughout the Appalachian region, so far as its 
value for construction material is concerned, is well-nigh complete. 
Otherwise this durable and valuable timber would be a good substi- 
tute for the rapidly diminishing oak, and on account of its rapid 
growth from a young sprout to a tree of commercial size would be a 
most profitable forest tree to grow for future supplies. 

The giant root borer (Prionus laticollis) is another enemy of wood 
which not only breeds in the roots and stems of living oak and other 
timber trees, but in old stumps and logs, railroad and other timbers 
which, owing to their connection with the ground, retain a sufficient 
amount of moisture. Some years ago I observed a large number of 
larve, apparently of this species, in some old oak railroad ties which 
were being removed from the roadbed in front of the Baltimore and 
Ohio station in Morgantown. It is therefore evident that this class 
of large wood borers contribute not a little to the rapid deterioration 
of oak ties and other timbers. 

There is another class of Cerambyeid, or round-headed borers, of 
the Centrodera, Leptura, and other allied genera, which breed in the 
wood of dead trees and logs, hence are capable of breeding in railroad 
ties and similar construction material. There are also many species 
in the family Buprestidz with similar habit. In the Scolytidz there 
are large numbers of species which bore in the wood of living, dying, 
and dead trees and cause serious defects. Indeed, there is a long list 
of species of Coleoptera which bore in the wood of trees and construe- 
tion timbers and contribute to rapid deterioration and decay. 

In Lepidoptera there are some very destructive enemies of the wood 
of living trees, notably the carpenter worms, which infest the oak and 
locust and bore large holes through the best part of the wood. 

In Hymenoptera there are certain wood-boring bees and ants which 
do great harm to the timber and other woodwork of buildings, bridges, 
and railroads. 

In Neuroptera the termites are among the most destructive enemies 
of wood and of wooden structures, working both in the moist and 
sound wood. Recently the writer has determined that these so-called 
white ants are very injurious to railroad ties and other railroad timbers. 

Thus a great variety of insects are to blame for defective timber. 
They attack the dead, living, and felled trees, the rough manufac- 
tured product in the mill yards before it is used, after it is used in the 


62 
structure, and until it is so badly damaged that it must be replaced 
by new material. 

When we take into consideration the enormous amount of timber 
used in railroad construction alone, and the damage to such material 
by insects, from the time it is taken from the forest until it is replaced 
by new material in the structure, it is plain that we have in this an 
economic problem worthy of special attention. It involves not only 
the determination of methods of preventing losses to vast commercial 
interests, but the conservation of our forest resources, and the economy 
of present and future supplies of that which is in greatest demand. 

When there was an abundant supply of timber it was possible to 
select only the best and to discard the defective, but at present it has 
become necessary, on account of the growing scarcity, to use much 
timber that is defective. This is evident from the character of the 
railroad ties and other construction material observed in the lumber 
yards, and piled along the road ready for use. Therefore, the prob- 
lem of treating defective timber to promote its durability is becoming 
an important one. The need of investigations to determine the true 
character of the various kinds of defects caused by insects and their 
relations to the entrance of wood-decaying fungi, as a preliminary to 
the discovery and adoption of practical methods of checking or pre- 
venting premature decay, is apparent. 

In the accumulation of data relating to the kinds of insects to blame 
for the commoner injuries, and to some important features in their 
habits, life history, and distribution, considerable progress has been 
made within recent years. While this technical knowledge of the 
insects, the characteristies of their habits, and the character of their 
work is of prime importance in suggesting methods of preventing 
losses, there is a feature relating to experiments with such methods 
to determine and demonstrate their practical application, which 
requires a considerably greater expenditure of money and time than has 
yet been available. Indeed, the funds available from public appro- 
priations for original investigations of this character are not sufficient 
to warrant the undertaking of the elaborate experiments necessary. 
If, however, private individuals, or companies whose immediate inter- 
ests are involved, would cooperate with departments of scientific 
research in this work, as is being done in some other lines of investiga- 
tion relating to forestry problems, it is believed that results of the 
greatest value could be attained. 


Mr. Cockerell asked whether a moderate number of forest pests 
might not in a way be beneficial by killing out the old trees and leay- 
ing room for the young ones to grow. He also mentioned the curious 
habits of the sugar cane Xyleborus in the West Indies, which, from 
attacking dead wood, had come to attack the living sugar cane. 
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Mr. Scott suggested that Georgia afforded a splendid field for inves- 
tigations of this nature, as valuable timber in that State was being 
rapidly destroyed by the work of insects. He made particular refer- 
ence to the wholesale destruction of chestnut and oak. 

Mr. Bruner said that he had been connected with growing trees 
upon forest reserves and that he had seen the destructive work of 
these forest insects. He said that species of Dendroctonus kill thou- 
sands of trees in the forests of the Black Hills. He thought the 
Bureau of Forestry should take up the matter of insects in connection 
with other work, and he thought the time ripe for the publication of 
a manual on forest insects. 

Mr. Hopkins said that the species of Dendroctonus referred to was 
evidently the one he had determined as a new species, from specimens 
sent to the United States Department of Agriculture from the Black 
Hills, to which he had given the manuscript name Dendroctonus 
ponderosa. He also said that it belonged to the division of the genus 
which ineludes the most destructive enemies of the pine and was, 
therefore, doubtless the one to blame for the serious troubles which 
from time to time during the past three years has been reported from 
the Black Hills region. . 

Mr. Felt followed with his paper entitled: 


OBSERVATIONS ON FOREST AND SHADE TREE INSECTS IN NEW 
YORK STATE. 


By E. P. Fett, Albany, N. Y. 


The season of 1901 has not been specially notable on account of 
insects depredating on either forest or shade trees. The senatorial 
oak worm (Anisota senatoria Sm. & Abb.) is more or less abundant 
every year at Karner, only 7 miles from Albany. This summer there 
was a very large deposition of eggs, and by July 27 it was easy to find 
entire shoots defoliated, and none of the larve were more than one- 
third grown. The scrub oaks (Quercus prinoides and Q. ilicifalia) are 
likely to suffer severely before the end of the summer, as is not infre- 
quently the case. The web nests of Cacwia argyrospila Walk. were 
not uncommon on the same oaks, the moths emerging at intervals 
during the greater part of July and in early August. 

Systematic collecting at intervals of ten to fifteen days throughout 
the season has been practiced at Karner, where there is an admirable 
growth of scrub oaks and small hard pines (Pinus rigida). A portion 
of the results are given at this time. 

The two large Buprestids, Chalcophora virginiensis Drury and C. 
liberta Germ., were taken throughout June and in early July, and two 
of the former species were captured August 9, though not met with 
on two previous trips. Large numbers of smaller Buprestids were 
also taken on pine, but they are not included in this account. as they 
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have not been determined. Anomala lucicola Faby. was present in 
considerable numbers, mostly on pine, though not uncommon on oak, 
from June 26 to July 19, and a few were taken as late as the 27th. One 
or more species of Dichelonycha occurred rather abundantly during 
the latter half of June and the first week of July. Monohammus scu- 
tellatus Say and M. titillator Fabr. were taken in very small numbers, 
though larvee which must belong to these species and to M. confusor 
Kirby appeared to be common enough in this locality. Glyptoscelis 
hirtus Oliv. was captured on hard pine in rather small numbers from 
June 4 to 26. The common pine weevil (Pissodes strobi Peck.) was 
obtained in large numbers on hard pine, it being specially abundant 
in June, but occurring in small numbers throughout July and in early 
August. Two other weevils (Magdalis lecontec Horn and M. alutacea 
Lec.) were also taken throughout June and during the first week in 
July in association with the white pine weevil. The former of these 
two was even more abundant than the Pissodes. 

Bark-borers.—The hard pines at Manor, Long Island, the white 
pines in the vicinity of Albany, and the balsam or fir trees of the 
Adirondacks have all suffered more or less from the attacks of various 
species of bark-borers. Investigations in all of these localities failed 
to reveal adequate cause for the great mortality among these trees 
unless it be due to the work of species of Tomicus. I am well aware 
that Dr. Hopkins, who has made a special study of bark-borers and 
is a well recognized authority on the group, inclines to lay blame on 
forms belonging in some other genus. The work of Dendroctonus 
terebrans Oliv. was very common at the bases of the hard pines on 
Long Island, and I found it in smaller numbers in white pines about 
Albany, but never in large enough numbers to cause very serious 
injury. In both of these localities, however, Tomicus calligraphus 
Germ. and 7. cacographus Lee. and, in some instances, other species 
were uniformly present and many of the trees bore many pitch tubes, 
the work in most instances of the first-named form. Tomicus callig- 
raphus was found by me last fall working in enormous numbers in 
dying white pines, the beetles not hesitating to run galleries into liv- 
ing, apparently healthy tissues, and so abundant was the insect that 
I eould not help thinking it responsible in part, at least, for the death 
of the tree. This month I have found undoubted evidence of Tomz- 
cus calligraphus’ entering what to every appearance were healthy 
trees. It is true there were not quite so many branches at the top of 
the tree closely inspected as there frequently is, but the needles 
were all green and gave no evidence of injury, and the bark from the 
base of the trees to the top was nice and green so faras the eye could 
discern, and yet such a one had been entered in large nuinbers by 
Tomicus calligraphus, and the beetles are even now running primary 
galleries and depositing eggs. The trunk of this tree was well spotted 


with pitch tubes, and small masses of pitch had dropped on the leaves 
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of the surrounding shrubs. The tree above described is only one of 
a number which show an attack of this character in one stage or 
another. The condition about Albany is rather serious because many 
of the nicest trees in the rather small groves of white pine are dying 
from the effects of the work of this insect and of its allies. At Manor, 
Long Island, the hard pines covering an area of approximately 60 
square miles were largely killed through the ageney of bark-borers, 
and I am inelined to believe that species of Tomicus have consider- 
able to do with the matter. Tomicus cacographus Lee. and. T. pini 
Say were frequently associated with their larger relatives and in some 
instances may be the first to attack a tree. This opinion is further 
strengthened by the fact that Tomicus balsameus Lee. undoubtedly 
kills many balsam trees in the Adirondacks. I have found this spe- 
cies working in immense numbers in the entire length of the trunk of 
large balsams. The top of one tree examined had browned some, but 
the lower limbs were apparently unaffected at the time it was cut and 
inspected. Adults of this beetle were found throughout the tree run- 
ning transverse galleries in green tissues, eggs had been deposited in 
many instances and larvee of various sizes and even pupz were found. 
A very interesting case of complete girdling was discovered. Two 
beetles, starting from the point of entrance on a green limb about an 
inch in diameter, worked in opposite directions around the limb, and 
when the specimen was cut, their burrows had overlapped each other 
by half an inch. 

Monohammus displaysin New York State a great readiness to attack 
diseased or dying trees, and I have noted a number of cases where 
grubs belonging to this genus and also Buprestid larvee were working 
in pines which appeared to have suffered no greater injury from other 
causes than a slight lowering of vitality incident to drought or other 
unfavorable conditions. These larvee, though working in consider- 
able numbers in living tissues, did not as a rule cause much exuda- 
tion of sap. Dr. Packard records in Bulletin 7 of the United States 
Entomological Commission, page 220, his belief that members of this 
genus may kill balsam or fir trees, and from what I have seen in the 
vicinity of Albany, it would appear that this may also be true of pines. . 
Adults of Monohammus confusor Kirby were taken in considerable 
numbers on one white pine, and it is presumable that. most of the 
(arvee found in infested trees belong to this species. One example of 
Monohammus titillator Fabr., one of M. scutellatus Say, and one of 
Xylotrechus sagutatus Germ. were also taken on the same tree. 

Elm leaf-beetlé (Galerucella luteola Miill).—This imported species 
continues to be a serious enemy of European elms in Albany, Troy, and 
vicinity. The depredations of this pest have been so severe as to lead 
to the maintenance and operation of two power-spraying outfits by 
the municipality of Albany. Two are also in operation by a private 
party in Troy, where they are kept busy throughout the spraying sea- 
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son, each individual paying for the treatment of ‘his own trees. The 
general condition of the shade trees in both cities is much improved 
by this work, and considering all the trees in the streets of both cities, 
the results are decidedly in favor of Albany. This is probably due > 
almost entirely to the fact that it is much more economical to take a 
street at a time and spray all the trees than to go hither and thither 
as desired by private parties. The former is possible only where the 
city undertakes to spray all the trees on the streets, while the latter 
must obtain where spraying depends upon the will and financial abil- 
ity of the owner of the abutting property. It might be well to add, 
that as arule Albanians neglect the trees on their own premises, while 
Trojans, who have spraying done, invariably include the trees on the 
premises as well as those in front of the property. The elm leaf- 
beetle has almost undisputed sway in the poorer portions of Troy, 
because the residents can not afford to have their trees sprayed, while 
in Albany these as well as those inhabited by the wealthier class 
are treated and the results are most beneficent, because it is in these 
poorer quarters that shade is most urgently needed. It therefore 
seems to me most advisable to urge the prosecution of such work, 
when necessary, upon municipalities rather than to allow it to depend 
upon the enterprise of private individuals, solely because it means 
the greatest good to the greatest number at a minimum of expenditure. 
This imported pest is slowly extending its range northward of Albany 
and Troy and in some localities where no spraying is done it is this 
season proving a scourge to both European and American elms. 

Forest tent caterpillar (Clisiocampa disstria Hiitbu.).—This insect 
has been a most serious pest in New York State for the last four or 
five years, and in localities here and there it has proved exceedingly 
destructive this season. The outbreak of 1901, so far as I can learn, 
was much more limited in area than in the previous years and confined 
largely to sections adjacent to where the insect had been speciaily 
abundant previously. The caterpillar appears,as a rule, to be unable 
to exist in large numbers in one locality for more than four or five 
years in succession. This is probably to be explained by the local 
activity of natural enemies. Another marked feature has been the 
increasing predominance of the pest in orchards. It is perhaps hardly 
necessary to add that most of the injuries in orchards could have been 
prevented by timely and thorough spraying. 

Carpenter moth (Prionoxystus robinie Peck).—This is a serious 
enemy to maple, oak, and ash trees in certain sections of New York 
State. Its destructive work at Ogsdenburg was brought to my atten- 
tion by Miss Mary B. Sherman, of that place, and through her some 
interesting examples of the borers’ work in sugar-maple trees were 
secured. One-third of a section or atree about 15 inches in diameter 
was fairly riddled with the large burrows of the caterpillar of this 
insect. It was so abundant as to ruin a number of fine trees in that 
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locality and necessitate their removal. The work of this pest at 
Buffalo was brought to my notice by Mr. M. F. Adams, of that city, and 
through his kindness I have been able to secure good examples of the 
insects’ work in ash and to observe its operations in oaks. This spe- 
cies also occurs on Long Island. All the examples of its work seen 
by me show that the full grown caterpillars prefer to run their bur- 
rows at some depth in the wood, and that as a rule they run so close 
to and communicate so freely with each other as to destroy the value 
of infested trees for timber. This insect also causes large unsightly 
wounds wherever its burrows come near the surface. Caterpillars 
about to pupate frequently take refuge in these channeled wounds, 
from which the pup work themselves partly out before the disclosure 
of the imago. The eggs are probably deposited in any available 
erevice, where they adhere to the bark rather firmly. A piece of root 
which had been bored by the willow eureculio (Cryptorhynchus lapathi 
Linn.) was lying in a breeding cage and a female Prionoxystus 
embraced the opportunity to deposit six or seven eggs well within the 
burrow. 

Apparently the females do not hesitate to oviposit before the 
appearance of males. Some eggs which were found in the office 
hatched, possibly without being fertilized, but it was impossible to 
prove this latter point. Dissection of a well-distended female, which 
probably had deposited no eggs, showed that she contained 269 well- 
formed ova and 133 which were partly developed, making a total 
of 402. 

The small Lecaniwm nigrofasciatum Perg. has proved a rather seri- 
ous enemy to soft maples in Albany. This scale insect has been so 
abundant on some small trees as to nearly cover the under surface of 
the limbs, and so much honeydew was exuded that the walks beneath 
were kept moist. The severe drain on the trees prevented much 
growth and resulted in the killing of a number of the smaller limbs. 
Badly infested twigs have a marked sour-semiputrid odor, due in all 
probability to the decomposition of the honeydew. Young began to 
appear in Albany about June 14, and by July 15 they were about 0.5 
mm. long and were thickly set on the smaller twigs. 

Pseudococcus aceris Geoff.—This comparatively rare species was 
observed in immense numbers on the bark of a hard maple at Albany, 
N. Y., August 6. The male cocoons were present in thousands, and 
in places formed large white masses on the trunk, giving a tree the 
appearance of being affected by a fungus. Some immature individu- 
als were wandering over the masses of the male cocoons. The leaves 
were also badly affected. The cottony remains of adults were abun- 
dant, and here and there old females were still producing young, as a 
number of very small individuals were observed, and partly grown 
ones were assembled on the under surface of the leaf in long rows on 
both sides of the principal veins. There is a marked subacid, not 
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unpleasant, odor about this species when present in large numbers. 
It is not nearly so offensive as in the case of Lecanium nigrofasciatum 
Perg. 

Chermes pinicorticis Fitch is always more or less injurious to white 
pines in Washington Park, Albany, but this year it has been excep- 
tionally abundant, not only giving considerable portions of the trunks 
a whitewashed appearance, but literally plastering the under surface 
of many limbs. A number of these pines, as a consequence, have a 
thin foliage and are sickly. 


Mr. Hopkins congratulated the author on the large number of spe-- 
cies recorded, but he doubted that the tent caterpillar had so changed 
its habits as to attack pine. He was of the opinion that the occurrence 
of this insect upon pine was merely accidental. 

Mr. Ashmead said that he also was skeptical about the occurrence 
of the tent caterpillar on pine, and he advised Mr. Felt to withhold 
that statement from publication until further investigation could be 
made. 

Mr. Cockerell mentioned that in New Mexico the larvee of Clisio- 
campa fragilis sometimes crawled up the pine trees and pupated 
among the needles, but he did not find any proof that they ate the 
leaves. With regard to the inseet called Psewdococcus aceris in the 
Eastern States, it could not be placed in Westwood’s genus Pseudococ- 
cus, but belonged to Phenacoccus. The species was almost certainly 
not the European P. aceris, but was probably American, and without 
a name. 

The secretary read the titles of the following papers by absent mem- 
bers, and, upon motion of Mr. Bruner, they were accepted for publi- 
cation in the Proceedings: Review of the White-Fly Investigation with 
Incidental Problems, by H. A. Gossard, Lake City, Fla. Hydrocyanie 
Acid Gas Notes, by Charles P. Lounsbury and C. W. Mally, Cape Town, 
South Africa. The Use of Hydrocyanie Acid Gas for Exterminating 
Household Insects, by W. R. Beattie, Washington, D. C. Insects of 
the Year in Ohio, by F. M. Webster and Wilmon Newell, Wooster, 
Ohio. Fruit Seriously Injured by Moths, by C. W. Mally, Cape Town, 
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REVIEW OF THE WHITE-FLY INVESTIGATION, WITH INCIDENTAL 
PROBLEMS. 


By H. A. Gossarp, Lake City, Fla. 


The white fly (Alewrodes citr’) reached its maximum of destructive- 
ness last year, and called forth much apprehension both within the 
bounds of its present distribution and outside of them. About 75 per 
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cent of the orange groves in Manatee County are infested, and as this 
county puts out something like 200,000 boxes of oranges per year, 
worth on an average $5 per box, and since infested groves usually turn 
out one good crop not oftener than once in two years, and sometimes 
only once in three years, it is only reasonable to believe that with the 
insect absent the present annual yield of fruit in this county would 
be more than doubled. Thedamage to this single county alone can 
be hardly less than one quarter of a million dollars per year. The 
direct and indirect consequences of the insect’s presence in the State 
could have amounted to but little less than one half million dollars 
the past year. 

I believe the orange industry will flourish in spite of the fly and, 
barring freezes, that the restoration of our groves over middle and 
northern Florida will continue at a rate exceeding that of white fly 
dissemination, but if present conditions continue it appears that 
within a half dozen years our State will receive almost a million dol- 
lars less than it would with clean groves, though we do not doubt 
that the total income from the crop will have multiplied as many or 
more times than the loss during the interval. I am very sure the 
insect will not become worse anywhere than it was in Manatee County 
last year, and if groves are excellent property there at present they 
will remain paying holdings in said county and elsewhere, notwith- 
standing the presence of the fly. 

Signs of alleviation from the pest have been noted for some years, 
but not until last year did the value of its fungous enemies become 
emphasized to the most casual observer as a more than decimating 
factor in its extraordinary numbers. By autumn disease had so 
reduced it that the worst infested districts are this year cleaner than 
they have been during any of the three seasons since coming under 
my observation. <A visit paid to the infested territory in early July 
led me to recommend that the trees be left to themselves until the 
appearance of the September brood of larvee, when resin wash might 
be applied if the fruit was becoming smutty with mold. 

The fungous diseases of the insect seem well distributed throughout 
the State where the fly occurs, but may have been introduced by the 
hand of man following the coming of the fly. I have observed both 
the red fungus (Aschersonia alewrodis) and the brown fungus over 
all the Manatee River section, at Myers, and at Orlando. The grow- 
ers usually make an effort to introduce these fungi whenever the 
Aleurodes appears in a new locality. The brown fungus seems more 
effective than the red. 

Notwithstanding the mischief the white fly actually does and the 
dread it inspires, it is noteworthy that the earliest infested grove in 
south Florida on the west coast, that of C. H. Foster, of Manatee, the 
one mentioned in some of the very earliest literature of white fly 
(Insect Life, vol. 5, p. 219), and hence infested for at least ten 
years, is still living and vigorous, with the exception of a few trees, 
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and looks as if it will be able to live right on indefinitely. The 
interior and shaded branches, instead of dying out, as they often do, 
have a color, thrift, and vigor often absent in groves never found by 
a white fly. These trees gave a fairly good crop of oranges last year, 
this year promising to just about pay for the cost of maintenance. 
No spraying has been done or other measures of suppression taken 
against the insect for some years in this grove. Considering its 
unquestionable vitality under such circumstances and the vulner- 
ability of white fly to parasitic and predaceous attack, it seems 
impossible to doubt that natural agencies other than fungi will come 
to the relief of the trees before their life is spent. However, I have 
seen trees unmistakably killed by the insect, and the interior branches 
very often die from its attacks. 


UNRECORDED POINTS IN ITS LIFE HISTORY. 


Some adult flies of the fall brood may be observed, by reliable report, 
in early December, all eggs hatching before the middle of that month. 
Nearly all the insects are in the third or fourth stage before January 
1, the eggs of a few stragglers alone furnishing specimens in the first 
or second stage. I recall no instance at all of having observed the 
first stage as late as Christmas. The earliest imagos were observed 
upon some lemon bushes in a few very sunny and sheltered spots at 
Ellenton, Fla., on the 11th of February... Egg laying had already com- 
menced at this date. The body of the spring brood, however, does 
not appear until in April and May. This irregularity of appearance, 
with the late and early dates for imagos, suggests that the late 
November and early December representatives belong to a straggling 
fourth or winter brood. Further confirmation of such a guess may be 
found in the marked overlapping of broods, especially noticeable in 
the spring. This overlapping, every possible-stage of the insect being 
represented at the same date, may be observed in one spot, but its 
value as evidence of a fourth brood is somewhat diminished by the 
fact that the appearance of corresponding broods may vary two or 
three weeks in places not 20 miles apart. 

A leaf of young orange, 5 inches long and 24 inches wide in the mid- 
dle, collected at Myers June 22,1901, by careful mathematical compu- 
tation had upon it upward of 20,000 eggs. While so many eggs upon 
so small a space is rather unusual it can not be said to be rare, for I 
have observed them as thickly placed many times. 

SPRAYS. 

Resin wash is the spray most commonly used to destroy the insect. 
In the hands of one who understands its use satisfactory results are 
almost certain to follow. If noattention at all is given the insect, the 
smutted fruit must be cleaned with a dampened cloth and sawdust or 
by some form of brush machine, the carrying qualities of the fruit 
being much impaired by either method. Kerosene sprays are as 
effective as the resin wash. 
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TREATMENT BY FUMIGATION. 


The assistance of Prof. C. W. Woodworth, of the California Experi- 
ment Station, was secured for a month last winter, and his suggestions 
and experience were utilized during this period. Various styles of 
tents—hoop, sheet, and bell—were made ready, from 8-ounce duck or 
6-ounee drilling, the cloth being mildew proofed at the tent factory. 
When upon the ground where they were to be used they were painted 
with linseed oil, into which enough lampblack was stirred to give body 
and color to the preparation. 

Some trouble with burning of cloth was experienced, it being found 
to be almost impossible to paint a large bell tent without serious dam- 
age, necessitating extensive patching, unless the derrick upon which 
it was swung was in perfect working order and repair, so as to avoid 
the risk of leaving a fold in the canvas for even a short time while 
drying out. The weight of oiled tents is also a great objection to them. 
Cactus juice is not available in Florida in sufficient quantity for tent 
treatment and some new application must be found. A preparation 
used by sailors in semitropical waters has come to my attention, and I 
hope it is not without value. My. Arthur Weaver, who superintended 
the fumigation of Mr. A. G. Liles’s grove, used the preparation and 
reported it lighter, tighter, cheaper, and more satisfactory in every 
respect than oil, with which he had had equal experience. It is said 
not to burn cloth and to be mildew proof. Cloth so treated and in use 
upon boats in Gulf waters is said to last five or six years. Such endur- 
ing quality is a very great consideration in our moist climate; and if 
continued experience with the recipe proves it to be as satisfactory as 
reported, I shall feel that one long step forward has been taken. As 
the recipe came to me but recently, I have not yet given it a personal 
test. The formula for this paint, as used by Mr. Weaver, is given in 
the Annual Report of Florida Experiment Station, now in the hands 
of the printer. The remainder of this paper, as well as much of that 
already given, consists in the main of almost verbatim extracts from 
said report. 

For trees not over 12 feet high hoop tents were found to be most 
satisfactory. Above that to 20 feet in height I think sheet tents will 
prove best. Above 20 feet the bell or sheet will be most satisfactory. 
As one result of the work, a new pattern of derrick was devisec for 
swinging large bell tents, which seems more flexible to varying require- 
ments than the California patterns, or perhaps I should designate tents 
handled thus as box tents, for they are swung in pairs with the derrick 
upon the same general principle as the box tent, 7. e., the type of 
box tent deseribed in Bulletin 122 of the California station, a derrick 
being substituted for the lifter. The idea that a bell tent might be 
handled like a box tent was due to Professor Woodworth, who men- 
tioned it upon the day of his departure, and the practical working out 
of the idea was achieved by the writer’s combination of ideas derived 
from various sources. 


12 


The main mast of the derrick is of spruce pine, about 35 feet high 
for trees 30 feet in height, and stands between the rows to be treated. 
To each side of it is attached a gaff 22 feet long, also of spruce pine. 
The foot of the gaff clasps the mast with arms of oak, being raised 
and lowered with double blocks and pulleys exactly after the manner 
of a ship gaff. The top of the gaff is double blocked and pulleyed to 
the top of the mast, so by means of its top and bottom attachments 
the gaff can be raised to any height, its top many feet above the top 
of the mast, if necessary, or it can be lowered to reach the ground. 
Since it can take any angle of direction also it may be quickly 
adjusted to trees of any height and at variable distances from the 
mast. The top of the bell is attached by pulley near to the end of 
the gaff. Three trail poles of hickory, each about 10 feet in length, are 
fastened to one side of the lower border of the tent, their ends being 
securely lashed to each other with rope, so that when they pull against 
each other the rope and not the cloth will catch the strain. The cloth 
is caught up and bagged slightly at these points of union of the trail 
poles, as additional protection against tearing. The center of each of 
these trail poles is connected with the top of the gaff by pulley, and 
thus the border of the tent to which they are attached may be ele- 
vated to any height, the opposite border swinging free within reach 
nearthe ground. A trail rope is attached to each of the trail poles. All 
pulley ropes belonging to the apparatus are secured to cleats on the 
mast. . 

In operation, when the mainmast, on rollers or wheels, has been 
placed in position, the height of the tree to be fumigated and its dis- 
tance from the mast are noted, and the foot of the gaff is raised or 
lowered to the point of greatest advantage, as learned from experience. 
If the trees of a grove are of nearly uniform height and at regular 
distances apart one correct adjustment will serve for the whole grove. 
A similar adjustment is made of the top of the gaff, this operation by 
necessity being repeated with every tree. The top of the tent is next 
drawn fully up and then the three trail poles; the hanging free edge 
near the ground and as much of the border as possible is now brought 
into position and the top of the gaff lowered some if necessary. Slack 
is now given to the trail poles, and a man at each trail rope so pulls 
the pole to which his line is attached that the whole tent drops into 
position over the tree. The lower border of the tent must be extra 
strong to avoid tearing. It is best bound with rope. To remove the 
tent from the tree the procedure is almost exactly reversed. With 
men trained to work together the tent may be lowered over a tree in 
seven or eight minutes and removed in about five. Since the opera- 
tion of removing the tent from one tree raises it almost in position to 
drop upon the next, the time required for changing will not be the 
sum of eight and five minutes, but the last five minutes is divided 
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between the two trees, removing from the one and at the same time 
getting almost in position to lower upon another by a quick adjust- 
ment of the angle of the gaff, it requiring less than eight minutes to 
cover a tree from this position. The apparatus requires four men, 
-one of whom may be the fumigator if his chemicals have been weighed 
out beforehand. A gang of four can operate about four tents or two 
derricks. This gives forty minutes to the tree and allows ten minutes 
for shifting of each tent. In order to realize this expeditiousness in 
practice all apparatus must be in perfect working order and repair 
and the men trained to handling it. The results secured in my prae- 
tice satisfied me that this would be a reasonable estimate, for it was 
done often enough in this time with our then imperfected apparatus 
to justify such a conclusion. 

Some determinations made by Professor Miller, of the chemical 
department, are of interest and importance. He found that 1 ounce 
of sulphuric acid and 1 ounce of water, mixed and cold, when added 
to 1 ounce potassium cyanide yielded 428.4 cubic inches of gas; that 1 
ounce of sulphuric acid and 1 ounce of water, mixed and added imme- 
diately while warm to 1 ounce of potassium cyanide, yielded 467.9 
cubic inches of gas, greater by a little more than 9 per cent than with 
a cold mixture of water and acid. Mixing the acid and water, there- 
fore, only as used means a saving of 6 or 7 cents per tree on large 
trees requiring 2 pounds of cyanide. He further determined that a 
greater proportion of acid did not materially alter the result, and that 
ammonia seems not to be formed immediately after the reaction under 
laboratory conditions. 

A number of experiments were made with citrus twigs, orange, 
lemon, pomelo, etc., infested with white fly, to determine the suscepti- 
bility of the insect to the gas, dose of chemicals to use, length of time 
necessary, and most favorable temperature for treatment, influence 
of moisture present upon the leaves when fumigated, ete. 

It was found that in its larval and pupal stages the insect was very 
readily killed by much lighter doses of gas than are commonly used 
against the black seale in California; in fact, the field practice with 
tents demonstrated that the dose could be reduced about one-half; 
that the time should be about forty minutes; the variation in tem- 
perature ordinarily encountered in Florida seems to be a neglectable 
factor; moisture did not seem to interfere greatly with the efficieney 
of the work unless the leaves were almost dripping, when it became a 
factor of much disturbanee, though not so great as I had thought 
probable. 

Trees were fumigated in the field in warm sunshine at all hours of the 
day, in cloudy weather, and at night. But little injury to trees or foli- 
age was observed if fumigated at night, during cloudy weather, early in 
the morning, or latein the evening. Trees fumigated after 9 a. m. and 
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before 4 p. m. in sunshine were invariably somewhat injured, some of 
the younger limbs dying back and all the leaves usually shedding. 
The fallen leaves were all replaced by new growth in a few weeks and 
no permanent injury was done, but the crop upon such trees was notice- 
ably reduced. The dropping of leaves from a tree in Florida has 
comparatively little significance, the trees instead of dying, as they 
sometimes do in California, putting on new foliage-and going along as 
if nothing special had happened. However, the burning of limbs and 
injury to bloom is another matter, and therefore midday fumigation 
can hardly be practiced. While some defoliation occurred with trees 
fumigated at other times than midday, even after night, it was not 
strikingly noticeable nor was damage to limbs or crop of sufficient 
amount to be detected after a few months. Some of this work was 
done as late as February 18, when the blossoms were beginning to open, 
some of them being well expanded. The bloom seemed unaffected by 
the treatment unless the work was done with the sun at high meridian. 

The white fly seemed practically exterminated upon the treated 
trees. In examining hundreds of leaves from dozens of trees about 
ten days after they were fumigated, and covering thousands of insects, 
I was able to find but a single living specimen. If a grove was segre- 
gated from all others, I have no doubt that one fumigation would 
render it so nearly clean that it would need no additional attention 
for two or three years. The great hindrance to its becoming a prac- 
ticable remedy is that few groves are so isolated that the fly will not 
come to them from neighboring groves, and since the insect seeks 
young and tender growth for egg-laying purposes there is, perhaps, 
some tendency for it to go to trees that have been fumigated and are 
therefore putting out new growth. Under ordinary circumstances 
the insect is not a great traveler, though winged, and will often take 
a whole season, extending over three full broods, to spread over a 
10-acre grove. Its progress will be marked by the trees showing 
sooty mold. 

Special observations were made to determine the effect of the gas 
upon ladybugs. On the afternoon of January 22, 72 ladybugs, almost 
all Chilocorus bivulnerus, which had fallen to the ground under fumi- 
gation treatment, were placed in a shallow tin box and left until 
January 23; at 9.30 a. m. of the latter date 70 beetles were in the 
box, a few of them active; at 4 p. m. 66 remained in the box, about a 
dozen of them showing signs of activity. At 8.45 a. m. January 24 
62 ladybugs were in the box, and 60 at 12.40 p.m. The 60 never 
exhibited signs of animation, all being observed to be dead several 
days afterwards. January 24, by | p.m., another lot of 176 fallen bugs, 
nearly all of the same species as before, was collected and kept in the 
same manner as the first ones. January 25, at 4.30 p. m., 160 of these 
were dead, 16 out of the lot having recovered. In the first lot 16 per 
cent of the whole revived; in the second lot about 9 per cent. 
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HYDROCYANIC ACID GAS NOTES. 


By CHARLES P. LounsBurRy and C. W. MALLY, Capetown, South Africa. 


_ The submittal of these notes is prompted by the increasing employ- 

ment of hydrocyanic acid gas as an insecticidal agent in closed build- 
ings other than for the destruction of insects accompanying nursery 
stock. Of late we note recommendations in American rural papers 
for its use in dwellings to destroy bedbugs, the strengths mentioned 
being those ordinarily employed for seale insects. Seale insects, we 
have found, are exceptionally easy to destroy by the gas, and there- 
fore our experiences in the treatment of more resistant insects and 
some miscellaneous tests we have made may have interest to Ameri- 
can workers. 

The gas has been regularly used during the past two and a half 
years to effect the destruction of vermin in the sleeping coaches on 
the various systems of the Cape government railways. With the 
adoption of this treatment, complaints from bug-bitten passengers, 
before very frequent, abruptly ceased. On recent inquiry it was. 
ascertained that the railway management remains perfectly satisfied 
with the measure. Bugs are no longer found, but the coaches are 
treated once in about four months. Two 1-pound charges of 98 per 
cent of cyanide are used to a coach and the exposure continued from 
two to four hours according to the length of time available for the 
work. Two pounds to a coach is about equivalent to an ounce to 
every 80 cubic feet. 

Many of the colonial jails swarm with vermin despite many methods 
employed to mitigate the pest. Carbolic preparations, the use of 
corrosive sublimate in whitewash and as a spray, the burning of sul- 
phur, and the liberation of sulphurous acid fumes are all reported 
inefficient. Hydrocyanic acid gas is now coming into use as a last 
resort. Under our direction several jails have been treated with sue- 
cess, and it is understood that the government will soon have arrange- 
ments complete for a regular and systematic fumigation of all the 
infested premises. The personal condition of the lower-class prisoner 
on entering is often so indescribably filthy that continual reinfesta- 
tion must be contended with; hence the expediency of regular appli- 
cations of the remedy. From 1 pound of cyanide for 1,600 cubie feet 
to 1 pound for 1,000 eubie feet is used for jail work, the relative 
amount being governed to some degree by the extent of unavoidable 
leakage, the nature of the contents that may be harboring the pest, 
and the season of the year. No trouble is spared to make a space 
tight; particular attention is paid to the roof and in ease this be of 
corrugated iron, as is common in the colony, the corrugations over the 
sills and along the ridge are stopped with plugs of burlap or plugged 
with clay. The higher the roof the greater is the care exercised in 
making it tight, thus to offset the greater upward draft of air. 


Blankets and as far as possible all else that comes in contact with the 
prisoners are so disposed as to be most freely exposed to the action 
of the gas; suspension of sleeping blankets by one corner from grat- 
ings forming the floors of galleries is sometimes practicable. The 
exposure is continued as long as circumstances allow, with a minimum 
of two hours. 

The procedure of the work is kept as simple as possible, and no 
especial difficulty is experienced in treating comparatively large 
spaces. A number of cells sometimes have to be treated as a unit. 
In one case a corridor 90 feet long, extending in cupolas to a height 
of 50 feet, and inclosing with its connecting cells an aggregate of 
140,000 ecubie feet, was treated as one space. Forty-three charges, 
each weighing 3 pounds, were used, and 20 of these were generated in 
cells off a gallery above the main floor. Five-gallon tins, in which 
kerosene oil has been imported, and from which the tops have been 
cut, are generally used for large charges. These are found safely to 
take 3 pounds of cyanide, and to be serviceable for two or three 
usages. Their recommendation is their ubiquity in this country and 
their inexpensiveness. As in orchard fumigation, 2 ounces by meas- 
ure of water and 1 ounce by measure of sulphuric acid are used to an 
ounce by weight of cyanide; thus for a 3-pound charge of the latter, 
3 pints (United States measure) of acid are added to 6 pints of water. 
When a space necessitating the employment of many generating 
vessels is to be treated, as was the case in doing the corridor above 
mentioned, the water only is measured directly into the vessels, these 
being then, if not before, placed in the positions desired. The acid 
is measured into small receptacles, as tin basins, placed within an 
arm’s length of the vessels, and the required weight of cyanide for 
each, for convenience in handling laid on a square of cheese cloth, 
mosquito netting, or even newspaper, is also laid within reach. 
Squares of cheese cloth, made bag-like by tying the alternate corners, 
are preferred for holding the cyanide, particularly when the series of 
discharges to be made is a long one. When the time comes to ‘fire, 
an assistant, beginning at the farthest corner from the exit, pours 
the respective measure of acid into vessel after vessel, and when he 
has a start of half a dozen vessels the operator follows, and, with the 
greatest dispatch compatible with certainty in action and care to 
avoid splashing, drops the bags of cyanide into the steaming acid- 
water mixtures. Familiarity with the work, quickness of movement, 
and a cool head are essential to safety, and no person not possessing 
these qualifications should attempt multiple discharges. When the 
series is short the operator himself may attend to the addition of both 
the acid and the cyanide, and even measure the acid directly into the 
water. The objection to following this procedure in long series is 
that the acid-water mixtures may have time to cool, and therefore 
fail to fully react upon the cyanide, particularly the larger lumps. 
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We consider this hand drepping of the cyanide into vessel after 
vessel far safer and much more expeditious than methods of drop- 
ping which involve the use of strings manipulated from without the 
space. The cloth bag facilitates the dropping act, and retards but 
for a brief space the evolution of the gas. Curiously the cloth is 
sometimes practically uninjured by the chemieals. 

Great care is always needed when the spaces are opened for venti- 
lation to keep out inquisitive parties, and it is then that the responsi- 
bility of the operator is greatest. On still days the generation of 
heat by fires and the burning of large lamps is useful to expedite 
renewal of the air. The gas soon dissipates from empty rooms, but 
clings to bedding somewhat tenaciously; hence several hours’ airing 
is desirable if severe headaches are to be avoided. It has been noticed 
that persons with weak lungs, of which there are many in some 
prisons among long-term convicts, suffer painful inconvenience from 
traces of gas unnoticed by their healthier fellow-prisoners. 

The public department in charge of plague work administration 
has begun to make limited use of the gas for dwelling fumigation to 
effect the riddance of bugs, fleas, and lice. The procedure followed 
is the same as in jail work and the same strength of gas is used; as 
prolonged control over the premises can be had, the exposure is made 
longer, as overnight. 

These various governmental uses of the gas have not been inaugu- 
rated without experimental demonstration of its efficiency. Our 
tests, conducted in tight spaces, have shown that much stronger gas 
is required to destroy bedbugs than to destroy armored seale insects. 
For convenience we express the strength of gas as the ratio of the 
number of ounces of cyanide used to the number of cubie feet in 
the space inclosed. Gas at a strength of 1 ounce to 450 cubic feet 
appears to be uniformly fatal to scale insects (Aspidiotus aurantii, A. 
neru, A. rapax, and Diaspis pentagona) exposed to it for an hour, 
but to have little, if any, effect on bedbugs. <A portion of a given 
number of bugs is destroyed by an hour’s exposure to 1 ounce to 
250 cubie feet gas; and the proportion destroyed increased with 
increase in the strength of the gas and the period of the exposure. 
Our main series of tests with bugs was made in a photographie dark 
room approximating 235 cubic feet in capacity. The temperature of 
this space varied in the different tests from 56° to 64° F. Care was 
taken to have nothing present that might absorb and thus weaken 
the gas, and only active, healthy-looking specimens of the insect 
were exposed. Fifteen specimens were used for each test, and these 
inclosed in bags of gauze suspended at mid height on the side of the 
room opposite where the generating vessel stood. Eight specimens 
survived 1 ounce to 190 cubic feet for an hour, and three, 1 to 155 for 
the same period, but none 1 to 155 for two hours; these effects were 
determined by observation extending over a week. Only three speci- 
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mens were recorded to survive the strength of 1 to 235 for one hour 
and three for 1 to 235 for two hours, but in these instances the speci- 
mens were all destroyed at the end of twenty-four hours, it not at the 
time being known that any might subsequently recover. In every 
ease all of the bugs were stupefied by the gas, and none were noticed 
to again become active until at least two hours had elapsed. With the 
1 to 150 strength for an hour, none showed signs of life at the end or 
five hours, but twenty hours later one could crawl and another feebly 
move its legs, and on the following day a third responded when probed 
lightly; at the end of a week the one seemed fully recovered while 
the others were still too weak to move about. It is evident from 
these tests that 1 to 155 gas for an hour is too weak for room fumiga- 
tion since not all fully exposed bugs may be destroyed. It is only 
fair to mention, however, that in’ practice we have known 1 to 150 
gas give seemingly perfect results in a number of instances. <At 
other times while greatly decreasing the pest its use has not been 
satisfactory. 

The eggs of bedbugs seem to be devitalized with the use of about 
the same strength of gas as is fatal to the active stages, but we have 
had little opportunity to make observations on this phase of the prob- 
lem and therefore speak with reserve. Seven eggs laid within thirty 
hours of their exposure failed to hatch after treatment for two hours 
in 1 to 125 gas, the space in this case being a fairly tight room in a’ 
plague house and the eggs being fully exposed; nineteen eggs six days 
old failed to hatch after exposure for one hour in 1 to 150 gas in the 
dark room referred to above. Check eggs were not preserved. No 
eggs hatched in numbers of seemingly sound ones taken from treated 
railway coaches at the beginning of that work. It may seem strange 
that eggs should be devitalized by the gas, but in experiments con- 
ducted here three years ago it was determined that scale insect eggs 
(Diaspis pentagona and other species) suecumbed to 1 to 300 gas; in 
fact, it was observed that eggs of a species of Dactylopius lost their 
vitality from an hour’s exposure in the strength of gas mentioned 
when adults escaped death. Check lots of eggs of the different kinds 
exposed hatched. 

The common roach (Hctobia germanica) succumbs to overnight 
treatment with 1 to 100 gas. The kitchen and seullery of one of the 
Cape Town clubs swarmed to an almost ineredible extent with this 
insect. The spaces were treated with the strength intimated, and in 
the morning not less than a half bushel of dead roaches were swept 
up. About fifty that bore ootheca were boxed and brought to the office 
and no eggs hatched from them; there was no check test, however, 
to determine if such eggs would hatch were the females otherwise 
destroyed. 

The fleas on a dog confined in a room, treated for an hour with 1 to 
180 gas, were all destroyed; one hundred were removed and kept 
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under observation for a week to make certain that the result was as 
it appeared to be. Lice (Hematopinus spp.) on rats confined in the 
same space were also destroyed. So were several kinds of ants and 
the common house fly; but not one of several hundred specimens of 
various kinds of ticks, and only 40 out of 57 bedbugs. Ticks are the 
least susceptible to the gas of all the creatures we have exposed. 
Adult Argas persicus, Amblyomma hebreum, and Rhipicephalus 
evertsi have been exposed in large numbers to 1 to 150 gas for two 
hours without a single specimen manifesting injury. <A score of 
A. hebreum thus treated were a month later, along with as many 
more fresh specimens, exposed for an hour in | to 80 gas, and every 
specimen came through this severe test seemingly more active than 
before. Eight long-starved R. evertsi exposed to this strength were 
muchaffected, 4of them being killed and the other 4 greatly enfeebled. 
It may be of interest to mention that cultures of Bacillus pestis, the 
plague organism, exposed by replacing the customary cotton plug with 
a covering of gauze, were unaffected at this strength and in weaker 
strengths. This bacterium is accounted easy of destruction by ordi- 
nary disinfectants. 

In the practical application of the gas we consider it advisable to 
remove all water and all moist substances that might absorb the gas 
and thus affect its efficiency by decreasing its strength. Water and 
meat that have been exposed to the gas should be regarded as danger- 
ous for consumption. We purposely exposed meat and water to 
extremely strong gas to see if they were really rendered poisonous. 
Both proved quickly fatal to dogs which began to partake of them. 
Meat exposed and then allowed to air for a few days proved harmless. 
Flour exposed and afterwards made into bread was eaten by one of 
us with impunity. 

The gas may be the most reliable agent for the destruction of insects 
within a confined space that we have, but in general it is a mistake to 
consider it an infallible eradicator. The extent to which insects in a 
space are protected by the character of their coverings can be deter- 
mined only by experiment, and then only roughly. Individuals 
among scale insects in masses on their food plants resist strengths of 
gas far in excess of what is uniformly fatal to isolated specimens of 
their kind. This we have observed in the orchard and demonstrated 
in the laboratory. As with the adults of scale insects, so with the 
eggs. We have found that the eggs at the end of the large ovisae of 
Icerya purchasi are destroyed by 1 to 300 gas, while those deep in the 
mass remain unaffected by 1 to 200. From experience we have come 
to consider it inadvisable to rely on strengths of gas inferior to 1 to 
100 for the destruction of bedbugs or to have the exposure less than 
two hours. Under exceptional circumstances even this great strength 
has been found untrustworthy. Active bedbugs were taken from 
within door casings of a jail after the surrounding space had been 
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exposed for three and a half hours to 1 in 90 gas, and two specimens 
out of seven, placed between box covers screwed together so that the 
insects were held but not crushed, survived two hours of treatment 
with 1 to 125 gas. A beam of light was visible between the boards, 
and the survivors were found within 5 inches of the edge. <A thin 
covering of dry dust or earth seems a great protection. Living sow — 
bugs and earwigs were found along with numerous dead ones on the 
surface dirt of the plague room mentioned above as having been 
treated for two hours with 1 to 125 gas. None of the creatures were 
in sight when the room was closed, and the presumption is that those 
that escaped destruction were disturbed from the rubbish on the 
earthen floor too late to get a lethai dose. 

Grain insects have been experimented with to determine if a mass 
of grain was sufficiently penetrated by the gas to effect the destrue- 
tion of those contained therein. <A series of tests with this object in 
view was made in a tight glass-sided case inclosing 4.16 cubic feet of 
space. To insure accuracy the cyanide employed was weighed out 
on delicate balances. The results of the tests were most disappoint- 
ing and have led to our abandonment of hopes that the gas would 
serve as a substitute for carbon bisulphid in the treatment of stored 
grain. Strengths of gas up to 1 ounce to 12 cubic feet (10 grams to the 
ease) were found inefficient to destroy Calandra oryza, C. granaria, 
and other common grain insects in an exposure of forty-two hours. 
In the test with the strongest gas a grain bag containing about a half- 
bushel of refuse corn mixed with coarse mill screenings alive with 
the insects was exposed. The case was tight, the chemical reaction 
perfect, and the gas still strong at the end of the forty-two hours; yet 
scores of the insects escaped death. Throughout the series it was 
evident that the air within even small bulks of material remained 
harmless to the insects a short distance from the surface.. The insects 
which crawled away from the mass and those at or very close to the 
surface were generally destroyed. 


THE USE OF HYDROCYANIC ACID GAS FOR EXTERMINATING 
HOUSEHOLD INSECTS. 


By W. R. BEatTTIE, Washington, D. C. 


With the growth of our population and the consequent crowding 
together of residences, the problem of the prevention and control of 
household insects is deserving of careful consideration from a sanitary: 
standpoint, but one that is usually overlooked. These pests are to be 
found in fewer or greater numbers, both of species and individuals, 
in every dwelling, office, or storehouse, and no_ perfectly efficient 
means, either to prevent their gaining an entrance or to exterminate 
them when they are once established, has as yet been devised. 

Recent successful applications of hydroeyanic-acid gas for the 
extermination of insects infesting greenhouse plants have suggested 
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the use of the same remedy for household pests. It is now no longer 
a theory but an established fact that 0.10 gram of 98 per cent pure 
cyanide of potassium volatilized in a cubic foot of space will, if allowed 
to remain for a period of not less than three hours, kill all roaches 
and similar insects. 

The experiments which led to this conclusion were made in a small 
building which is used for laboratory purposes by the Division of 
Botany. This structure has for some time been infested with several 
insect pests, the more numerous and troublesome of which was the com- 
mon cockroach ( Periplaneta americana). The building consists of one 
story and basement, the upper part being rather loosely built, as it is 
ceiled throughout with matched lumber. This method of construction 
provides numerous hiding places for the insects, and also renders 
fumigation difficult by permitting the gas to escape too quickly. 
Within the building are several sources of moisture, a rather high 
and constant temperature is maintained in some of the rooms, and 
large quantities of seeds and substances that serve as food for insects 
are stored, making conditions well adapted to the development of 
cockroaches. 

During the early part of last year the roaches became so numerous 
as to be a detriment to the work of the laboratory, and it was necessary 
to adopt some means of checking them. On the evening of May 10, 
1900, the building was closed, and after opening up the interior of the 
rooms as much as possible the entire structure was fumigated experi- 
mentally with about 0.08 gram of 98 per cent pure cyanide of potas- 
sium per cubic foot of space. The gas was allowed to remain during 
the night, or until it gradually escaped. When the rooms were 
entered the following morning there remained a perceptible odor of 
the gas, but this soon disappeared after opening the windows and 
doors. The ledges and window sills were strewn with dead house-flies 
and the floors bore abundant evidence of the effect of the gas on 
roaches. Not asingle insect that showed indications of remaining life 
was to be found in the building. About a quart of the flies and 
roaches was gathered up and placed in a cage, where they were allowed 
to remain until the following day, when two roaches showed signs of 
life by slow movements. These, however, could not walk when placed 
upon their feet, and subsequently died. 

For some time after this fumigation no roaches were to be found in 
the building, but eventually the eggs that had been previously deposited 
hatched and developed, adults were carried in from other buildings, 
ete., until in March of the present year the roaches had again become 
so numerous as to be a nuisance and a detriment to the work of the 
laboratory. The building was again treated with cyanide gas, this 
time at the rate of 0.10 gram per cubic foot of space, but it was allowed 
to remain only fifty minutes, when the windows were opened and the 
gas permitted to escape. The roaches were strewn over the floors and 
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several mice were found dead. A large number of the roaches were 
again collected and kept in a cage until the following day, when it was 
found that fully 10 per cent of them had not been killed and were as 
lively as before treatment. The mice, however, showed no indications 
of life. Thedose had been sufficiently strong, but had not been allowed 
to remain long enough to kill the more resistant of the roaches. 

The third and most satisfactory experiment of the series was con- 
ducted on the evening of June 20, 1901, when an application of 0.10 
gram per cubic foot was allowed to remain in the building overnight. 
On the following morning the gas had not entirely escaped, and house- 
flies, centipedes, spiders, cockroaches, and mice were dead, with the 
exception of a few roaches which had secreted themselves between the 
sash and frame of a loosely fitting window, and had thus secured 
enough pure air to prevent their being killed. 

To convey an idea of the injury caused by the presence of large 
numbers of roaches in this laboratory, it might be stated that, fre- 
quently preceding this last fumigation, photographie plates placed on 
racks to dry and allowed to remain on a table for one hour were com- 
pletely ruined by having films eaten from the glass; packets of seeds 
stored in mouse-proof tin boxes were so eaten as to allow the seeds to 
escape, and in many cases the seeds themselves were destroyed. 
Since this fumigatlon no inconvenience has been caused by the work 
of roaches or mice. 

By aid of the results obtained from the above experiments, together 
with our present knowledge of the action of hydrocyanic-acid gas in 
exterminating greenhouse and scale insects, it may be stated that a 
dwelling, office, warehouse, or any building may be economically 
cleared of all pests, provided that the local conditions will permit the 
use of this gas. It probably would be dangerous to fumigate a build- 
ing where groceries, dried fruits, meats, or prepared food materials of 
any kind are stored. Air containing more than 25 per cent of the gas 
is inflammable, therefore it would be well to put out all fire in an 
inclosure before fumigating. Hydroeyanic acid in all of its forms is 
one of the most violent poisons known, and no neglect should attend 
its use. There is probably no sure remedy for its effects after it has 
once entered the blood of any of the higher animals. When cyanide 
of potassium is being used it should never be allowed to come in con- 
tact with the skin, and even a slight odor of the gas should be avoided. 
Should the operator have any cut or break in the skin of the hands or 
face, it should be carefully covered with court-plaster to prevent the 
gas coming in contact with the flesh or the possibility of a small par- 
ticle of the solid compound getting into the eut, which would cause 
death by poisoning within a few minutes’ time. 

Hydrocyanic-acid gas should not be used in closely built apart- 
ments with single walls between, as more or less of the gas will pene- 
trate a brick wall. An inexperienced person should never use cyanide 
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of potassium for any purpose, and if it be found practicable to treat 
buildings in general for the extermination of insects the work should 
be done under the direction of competent officials. Our experiments 
have shown that a smaller dose and a shorter period of exposure are 
required to kill mice than for roaches and household insects gener- 
ally, and it readily follows that the larger animals and human beings 
would be more quickly overcome than mice, since a smaller supply of 
pure air would be required to sustain life in mice, and small openings 
are more numerous than larze ones. 

The materials employed and the method of procedure are as follows: 
After ascertaining the cubic contents of the inclosure, provide a glass 
or stone ware (not metal) vessel of 2 to 4 gallons capacity for each 
5,000 cubie feet of space to be fumigated. Distribute the jars accord- 
ing to the space and run a smooth cord from each jar to a common 
point near an outside door where they may all be fastened; support the 
cord above the jar by means of the back of a chair or other convenient 
object in such a position that when the load of cyanide of potassium is 
attached it will hang directly over the center of the jar. Next weigh 
out upon apiece of soft paper 500 grams (about 17.1 ounces) of 98 
per cent pure cyanide of potassium, using a large pair of forceps for 
handling the lumps, wrap up and place in a paper bag, and tie to the 
end of the cord over the jar. After the load for each jar has been 
similarly provided, it is well to test the working of the cords to see 
that they do not catch or bind. Then remove the jar a short distance 
from under the load of cyanide and place in it a little more than a 
quart of water, to which slowly add 13 pints of commercial sulphuric 
acid, stirring freely. The action of the acid will bring the tempera- 
ture of the combination almost to the boiling point. Replace the jars 
beneath the bags of cyanide, spreading a large sheet of heavy paper 
on the fioor to catch any acid that may possibly fly over the edge of 
the jar when the cyanide is dropped, or as a result of the violent 
chemical action which follows. Close all outside openings and open 
up the interior of the apartment as much as possible in order that the 
full strength of the gas may reach the hiding places of the insects. 
See that all entrances are locked or guarded on the outside to prevent 
persons entering, then leave the building, releasing the cords as you 
go. The gas will all be given off in a few minutes and should remain 
in the building at least three hours. 

When the sulphuric acid comes in contact with the cyanide of 
potassium the result is the formation of sulphate of potash, which 
remains in the jar, and the hydrocyanie acid is liberated and escapes 
into the air. The chemical action is so violent as to cause a sputter- 
ing, and frequently particles of the acid are thrown over the sides of 
the jar. This may be prevented by supporting a sheet of stiff paper 
over the jar by means of a hole in the center, through which the cord 
supporting the cyanide of potassium is passed, so that when the cord 
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is released the paper will descend with the cyanide and remain at rest 
on the top of the jar but will not prevent the easy descent of the cya- 
nide into the acid. The weight of this paper will in no way interfere 
with the eseape of the gas. 

At the end of the time required for fumigation the windows and 
doors should be opened from the outside and the gas allowed to escape 
before anyone entersthe building. A general cleaning should follow, 
as the insects leave their hiding places and, dying on the floors, are 
easily swept up and burned. The sulphate of potash remaining in 
the jars is poisonous and should be immediately buried and the jars 
themselves filled with earth or ashes. No food that has remained 
during fumigation should be used, and thorough ventilation should 
be maintained for several hours. After one of our experiments it 
was noted that ice water which had remained ina closed cooler had 
taken up the gas and had both the odor and taste of cyanide. 

For dwellings one fumigation each year would be sufficient, but for 
storage houses it may be necessary to make an application every three 
or four months to keep them entirely free from insect pests. The 
cost of materials for one application is about 50 cents for each 5,000 
cubic feet of space to be treated. The cyanide of potassium can be 
purchased at about 35 cents per pound and the commercial sulphurie 
acid at about 4 cents per pound. The strength of the dose may be 
increased and the time of exposure somewhat shortened, but this 
increases the cost and does not do the work so thoroughly. In no ease, 
however, should the dose exceed 0.22 gram, or remain less than one 
hour. 

The practical application of this method of controlling household 
insects and pests generally is to be found in checking the advance of 
great numbers of some particular insect, or in eradicating them where 
they have become thoroughly established. This method will be found 
very advantageous in clearing old buildings and ships of cockroaches. 


INSECTS OF THE YEAR IN OHIO. 
By F. M. WEBSTER and WILMON NEWELL, Wooster, Ohio. 


Broadly speaking, the past year has been marked by the unusual 
abundance of many of the more common insect pests. 

During the past spring and early summer the chinch bug has done 
serious injury over the area which seems particularly favorable to 
it, viz, the country lying between the Scioto and Big Miami rivers, 
which section is, approximately, the most frequently and seriously 
affected by it. As in other years, Sporotrichum globuliferum, the 
fungus enemy of the insect, has been distributed to all that have 
applied, and the packages thus distributed amount to about 1,700 in 
number. As this fungus has been continually sent into this region 
since 1894, we can now state, with pretty good assurance of correct- 
ness, that the artificial introduction throughout this period has given 
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us no evidence of its value in protecting the country from an annual 
recurrence of attack when meteorological conditions are favorable to 
the breeding of the insect. This year, however, we have started our 
cultures of this fungus with affected chinch bugs collected in the 
fields in 1896, the material having in the meantime been kept in a 
tight tin box inadry room. It cannot now be said by those who know 
that the use of this fungus against the chinch bug is an experiment. 
It will work satisfactorily in wet or moderately damp weather, but 
will not do so when a drought is prevailing. 

Owing to the fact that wheat was almost universally sown late last 
fall, and only the earlier sown fields were attacked by the Hessian fly, 
that insect has not claimed the attention this year that it did last. 

Over the northern portion of Ohio little or no wheat was so badly 
injured last fall as to necessitate plowing under this spring, unless it 
was sown before September 20, 1900, and comparatively little was 
seriously injured, north of latitude 40°, unless sown prior to Septem- 
ber 25, 1900. Wheat plants that had been killed last autumn by the 
larvee of the fly were collected in quantity from many sections of the 
State and placed in the insectary in order to learn the probable con- 
dition of the fly in the fields in the spring of 1901. Only in two 
instances did we secure Hessian fly in great numbers. In one of 
these cases the wheat had been sown September 12, 1900, and the 
other was from the experiment plats of the Ohio Agricultural Experi- 
ment Station at Wooster. In some instances we reared myriads of 
the little parasite Polygnotus hiemalis Forbes, and the number of 
these left no doubt of their efficiency in checking the increase of the 
fly; but in some other cases we reared only very few parasites, and 
even less flies or none at all, so that it seems possible that there was 
also another unknown influence which tended to reduce the number 
of adult flies that emerged this spring. 

The rose-chafer (Macrodactylus subspinosus) has not been as abun- 
dant over the State before in ten years, always in near proximity to 
sandy lands. It is hardly worth while to state that we have found no 
practical measures of suppression, but it may be stated that a mix- | 
ture of 5 pounds of arsenate of lead and 50 gallons of water had no 
perceivable effect upon them. 

Two species of Epicauta (. vittata and EF. pennsylvanica) have been 
unusually troublesome, and, as usually follows, a lack in the number 
of grasshoppers. 

The strawberry weevil (Anthonomus signatus) worked serious dep- 
redations in the strawberry fields of Scioto and adjacent counties, 
fully one-half the crop having been destroyed by the pest. Informa- 
tion of its ravages was not received in time to permit Mr. A. F. Bur- 
gess, who was sent to investigate the outbreak, doing more than to 
go over the infested fields and lay plans for work next year. 

The heart worm (Hydrecia nitela) was reported as working consid- 
erable injury in a wheat field in the central part of the State, and a 
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florist in the northern part of the State complained bitterly of the 
ravages of the pest in his carnations set out of doors. Carnations in 
the experiment station greenhouses suffered severely in March from 
the attacks of cutworms (Peridroma saucia), which fed on the petals 
and burrowed into the unopened buds, working chiefly at night. 

The Southern turkey gnat (Simuliwm meridionale) became quite 
abundant in Wayne County during May, causing considerable uneasi- 
ness among teams working in the fields near their breeding places. 
One of these places was located not far from Wooster, in a little brook 
fed by springs and flowing over a rocky bed. Adults were abundant 
May 11, and larvee—some of them very small—and pupe, as well as 
adults, were all found on the 16th of same month. 

The Southern corn leaf-beetle (Myochrous denticollis) did not reap- 
pear in destructive abundance this year in the area where it did so 
much injury to young corn last year. We now know that it hiber- 
nates, in part at least, in the adult stage. 

Bruchophagus funebris is widely distributed over the State, and its 
injuries to red clover seed are frequently reported during autumn. 

The grapevine root worm (Fidia viticida), which was less destrue- 
tive last year than it had been for some time, seems to have taken on 
a new vigor, and is this year again very abundant on the grape. 
Strangely enough, its ravages are still mostly confined to the grape 
region about Cleveland, extending therefrom much farther to the east 
than to the west. In a small nursery, near Tiffin, some 85 miles to 
the west, a small lot of young grapevines was attacked and the 
leaves very badly eaten, while in no other part of the grounds were 
the grapevines attacked. Arsenate of lead has not given us much 
satisfaction in fighting this pest, and the results of this year’s experi- 
ments with this insecticide in the vineyards have not been very satis- 
factory, though not conclusive. 

The canker worm ( Paleacrita vernata) was present in many sections 
of the State in increasing numbers. There was some complaint of 
the inefficiency of arsenate of lead against these, but in all cases of 
failure investigated the spraying had been done in an inefficient man- 
ner, and the result could hardly have been otherwise than ineffectual. 

The corn worm (Heliothis armiger) not only attacked young grow- 
ing corn, but also worked in the broom corn, doing considerable 
damage to the latter. 

The western corn root worm (Diabrotica longicornis), though it occurs 
locally eastward to the Atlantic coast, is not known as a pest east of 
central Ohio. Its advance across the State from the west has been 
observed by entomolegists, and this advance throughout the corn- 
growing sections has been indicated in the bulletins of the experi- 
ment station. During the last nine years everyone connected with 
the entomological department of the station has watched carefully 
for the first appearance of the insect about Wooster, but not until last 
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year had it been observed within a distance of 50 miles. A single 
individual was observed last summer on a garden sunflower in the 
city. Twenty-five years ago, in northern Illinois, where now its 
ravages in the corn field are only prevented by continual crop rota- 
tion, this insect was as unusual as it is at present at Wooster, Ohio. 

Early in the spring of the present year the pea louse (Nectarophora 
_ destructor) appeared in the clover fields throughout localities where 
there had been injuries to the peas last year and later spread to the 
fields of growing peas. In Ohio those engaged in pea culture ona 
large scale only plant the earlier varieties, which are picked before 
the insect migrates from the clover. 

The harlequin cabbage bug (Aurgantia histrionica), which was exter- 
minated by the severe winter a few years ago, except in the extreme 
southern part of the State, has begun its northward spread again, and 
has been reported as destructive at points along the Ohio River. 

Last spring a number of the egg masses of Mantis religiosa were 
received from Professor Slingerland and placed in several portions of 
the State, including Wooster. We have watched these continually 
since placing them outside, and in no instance have we been able to 
note the hatching of the eggs. Unfortunately some of the masses were 
destroyed, apparently by mice, as they were protected by wire netting 
that would admit nothing larger. 

As a repellant against the infestation of dwellings by ants, we have 
used naphthaline crystals with success. 

As an indication of the somewhat gregarious nature of Limenitis 
disippus, 27 larvee were found on a group of less than half a dozen 
Lombardy poplars only a few inches in height. These were observed 
in October near Cleveland. 

Chrysomphalus dictyospermi was found in considerable abundance 
in the station greenhouses on Chamerops humilis. The close super- 
ficial resemblance of this species to Aspidiotus perniciosus renders it 
of special interest at the present time. 

Much has been said and written relative to the danger of spreading 
the San Jose scale (Aspidiotus perniciosus) by the shipment and sale 
of infested fruit. While danger is admitted by entomologists, in no 
instance has an introduction been traced to this source. The follow- 
ing experiments, by no means conelvsive, will indicate that introdue- 
tion by this means is beset with difficulties when we try to do it: 

October 15, 1900, fresh peelings from badly infested apples were 
placed within 4 inches of the base of a young apple tree, set from the 
nursery row some four years ago. Onsame date peelings from badly 
infested apples were placed against and around the base of a small 
apple tree, and on the 26th more of the infested peelings were wound 
around the base of the same tree. July 9, 1901, as well as on previ- 
ous dates, inspections made by different entomologists revealed no 
scale on the trees. 
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October 15, 1900, peelings from a very badly infested pear were 
placed against and around the base of a very young peach tree, and 
on 26th of same month these were renewed. July 9, 1901, no scale 
could be found on the tree. 

October 15, 1900, six badly infested plums were placed 4 inches 
from base of a young apple tree, and two infested apples were placed 
in similar proximity to another young apple tree. July 9, 1901, no 
scale was to be found on either tree, previous inspections by others 
having given the same results. 

October 15, 1900, six infested plums were placed against the base of 
a young apple tree; an infested apple was placed against the base of 
another tree, also young; an infested pear was placed against the base 
of a young peach tree, and eleven days later another infested pear 
was placed against the base of this last tree. Up to July 9, 1901, none 
of these trees carried a single San Jose seale, so far as could be learned 
from repeated observations by different entomologists. 

As indicating the activity of San Jose scale on fruit, during the 
period between October 15 and November 2, 1900, the following obser- 
vations are of interest: October 9, 1900, a couple of windfall apples, 
very badly infested by San Jose scale, were placed under observation. 
October 13 young scale were alive and very active on both apples; on 
18th one apple was nearly decayed and many of the females were 
dead, five, however, remained alive and contained living young; 19th, 
live females and active young found on both apples; 22d, one apple 
decayed, the females dead, and apple discarded, the remaining apple 
carried living females, but no young were observed. November 2, 
1900, the remaining apple carried living females, but by 16th this 
apple also was decayed and the seale all dead. 

In this connection it must be remembered that it was only after 
repeated attempts to introduce the San Jose seale in the insectary, by 
fastening sections of badly infested limbs to young trees growing 
therein, that we were able to succeed. While the foregoing does not 
and could not prove that infestation may not originate from infested 
fruit, it does show the great difficulty in causing it to do so. 

In all of our microscopical examinations of scale insects Aphelinus 
Juscipennis has been found but twice, in both cases in San Jose seale. 
Pentilia misella is, however, on the increase. 

The plum tree mite (Phytoptus phleocoptes) seems to occur gener- 
ally wherever the Damson plum is grown, as it has been observed or 
sent from all quarters of the State. Serious damage was this year 
reported from Wellsville. 

Trirhabda tomentosa was observed in the act of defoliating young 
prickly ash (Xanthoxylum americanum) in August, in some cases the 
trees dying from the effects of these beetles. 

Ischyrus nigrans has been reared from a species of Agaricus. 
Anthaxia viridifrons, Eupristocerus cogitans, Sinoxylon basilare, 
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Dorcaschema nigrum, Magdalis pandura, and M. barbita have all 
been reared from hickory twigs. Yomoderus constrictus has been 
reared from the stems of Heleniwm autumnale. 

Pholisora catullus has been reared from strawberry leaves in August. 
Palthis angulalis, Blastobasis glandulella, and the parasitic species 
Elachista proteteratis were all reared from seed cluster of sumae. 

Desmia funeralis with its parasite (Habrobracon gelechice), Pyralis 
costalis, Blastobasis glandulella, and Galasa rubidana have all been 
reared from masses of grape leaves collected in vineyards. 

Dichelia sulfureana and EHudemis botrana with the parasite Bracon 
mellitor were all reared from seeds of the garden sunflower. 

Lophoderus velutiana, Oxyptilus tenuidactylus, Exartema permun- 
dana, and a species of Glypta have all been reared from larvee feeding 
on the leaves of blackberry. 

Conchylis bunteana, together with the parasite Bracon iellitor, 
were reared from seed clusters of Vernonia noveboracensis. 

Grapholitha prunivora was reared from berries of a species of 
Cratzgus. ; 

Mellisopus latiferreana and Blastobasis glandulella were both reared 
from acorns. ; 

Tischeria malifoliella and Ornix geminatella, with the parasite 
Pimpla indagatrix, were all reared from leaves of the apple. 

A number of spraying experiments were carried out with the follow- 
ing results: Swift's arsenate of lead, 3 pounds to 50 gallons water, 
was applied to potato vines badly infested with Doryphora 10-lineata, 
and, though there was a heavy rainfall the night following the appli- 
eation, all small and medium-sized larvze were killed, and about half 
of those nearly or quite full grown. Later, the same experiment was 
tried, but again the application was followed by a heavy rain, despite 
which about 75 per cent of all larvee were killed. As against Ling 
lapponica, on willow, 3 pounds to 50 gallons water killed small and 
medium-sized larve, but did not seem to affect the older and larger 
larve. In another experiment, where 5 pounds of the arsenate of lead 
was used in 50 gallons of water, all larvee were killed and the foliage 
was not injured. 

Adler’s green arsenoid gave us the following results: For Lina lap- 
ponica, 1 pound to 100 gallons water killed small and medium-sized 
larve, but not the larger ones, with no injury to the willows upon 
which they were feeding. One pound to 50 gallons killed all larve, and 
also the foliage, though the latter put out anew later in the season. 
On rosebushes, and against Monostegia rose, 1 pound to 1450 gallons 
water was apparently effective and did not injure the foliage. 

Comparative experiments were carried out with green arsenoid and 
Paris green, with the following results: One pound to 100 gallons 
water, and 1 pound to 150 gallons water, with and without lime, did 
not appear to affect either the adult Doryphora or the foliage of the 
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potato. The owner of one of the potato fields, however, applied 
green arsenoid, at the rate of 1 pound to 50 gallons water, and nearly 
ruined the potato vines. 

Arsenate of lead has given the best results, with no injury to the 
foliage, while Paris green and green arsenoid give each about the 
same results, both being inferior to the arsenate of lead. 

Experiments with whale-oil soap, Owens Standard brand, 1 pcund 
to 2 gallons of water, had no effect on either larvee or adult Doryphora. 
The same brand of soap was applied against Diabrotica vittata, at a 
strength of 1 pound of soap to 1, 2, 4, and 8 gallons of water. A mix- 
ture of 1 pound to 2 gallons of water, or weaker, did not prove sue- 
cessful as a repellant, while 1 pound to each gallon of water kept the 
beetles away, but seriously injured the cucumber plants to which the 
mixture was applied. One pound of this soap to 8 gallons of water 
was ineffective against Aphis on cherry, but the same strength com- 
pletely repelled the three-lined plant-bug from chrysanthemums so 
that the plants were not again attacked by this insect. 

Tobacco dust was ineffective against Doryphora 10-lineata, Phyllo- 
treta vittata, and Diabrotica vittata. 


FRUIT SERIOUSLY INJURED BY MOTHS. 
By C. W. MALLY, Cape Town, South Africa. 


During May, 1900, numerous letters were received complaining of 
serious injury to fruit by moths, specimens of which were submitted 
to Mr. L. Peringuéy, assistant curator South African Museum, who 
determined them as Ophiuza lienardt. 

With the exeeption of one specimen, this is the only species rep- 
resented in the material received from the fruit growers. A summary 
of the correspondence has been given in the Agricultural Journal for 
July 5, 1900. 

The moths were apparently most injurious in the East London dis- 
trict, serious complaints coming from East London, Komgha, Fort 
Jackson, Kentbury, and as far inland as Grahamstown. 

It frequently occurs that a number of moths cluster on a single 
fruit, and some of the reports indicate that there was seareely a fruit 
that was not covered with moths. One correspondent reports the 
moths as swarming on a load of pineapples that were being taken to 
market. Some idea of the seriousness of the injury may be gathered 
from the statement of Mr. Walter A. Edmonds, Komgha, that ‘‘ 20,000 
extra fine oranges, on all of which, except those picked half green, 
directly the moths appeared, have been spoiled.” Thus far injury to 
the following fruits has been reported: Apples, pears, plums, grapes, 
peaches, figs, oranges, guavas, bananas, pineapples, loquats, and 
medlars; also ‘‘ native fruits, berries, and flowers.” 

The fruit growers agree as to the importance of the pest; but their 
observations on the habits of the adult are considerably at variance. 
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Some say they are nocturnal, readily attracted to lights, and easily 
destroyed by means of poisoned sweets. Others report observations 
to the contrary. The essential point seemed to be whether the moths 
punctured the fruit themselves or simply took advantage of some 
slight mutilation or an injury from some other insect, especially the 
fruit fly, during oviposition. There was no opportunity to make defi- 
nite observations till the latter part of April, 1901. While en route to 
another farm, near Trapps Valley, Bathurst Division, it was conven- 
ient to stop with Mr. G. W. Smith for the night. On being asked 
whether he had noticed any unusual insect injury the present season, 
he replied that the fruit moth, though not unusual, was doing very 
serious damage to apples. We took a lantern and proceeded to the 
orchard at onee. There were about 50 trees, located along a small 
stream, bearing a light crop of fruit. Numerous specimens of Ser- 
rodes inara Cram. (kindly determined by Mr. C. G. Barrett, London) 
were found, often from one to five on an apple, and searcely a fruit 
could be found that did not show several punctures. The moths 
showed no signs of being disturbed by the presence of the lantern, 
much less attracted to it. Iselected one specimen for study and placed 
the lantern so that every movement could be observed. ‘The proboscis 
had been inserted through a very small round opening, the moth very 
contentedly withdrawing it till the tip was near the surface and then 
by moving the head back and forth rapidly laterally forced it down full 
length into the pulp of the fruit. This was kept up for some time. As 
the moth showed no signs of leaving or changing its position, I pro- 
ceeded to observe numerous others and always with the same result, 
each one feeding quietly and continually withdrawing and inserting 
the proboscis. Several times a moth was seen to alight on an apple, 
but each time it began feeding through one of the several punctures 
“present, which it seemed to detect instantly. A few were seen 
feeding through a slight mutilation or crack in the fruit. <A careful 
examination of the proboscis and the punctures indicated that the 
moths were quite capable of taking care of themselves. No other 
insects were observed on the fruit. The following day not a moth 
could be seen. I examined the grass and bush along the stream with- 
out results. Soon after sundown they again put in their appearance 
and began feeding the same as before, gradually becoming more 
numerous. I kept as many under observation as possible, but they 
showed no intention of making fresh punctures. One specimen was 
finally selected and kept under continual observation. After it had 
been feeding for about thirty minutes it became restless and then, as 
if divining the cause of my devotion, deliberately moved about an 
inch to one side, placed the tip of its proboscis on the surface of the 
apple where I could see clearly that there was no opening, and began 
the same lateral motion of the head as before. With my hand lens I 
could see the two sections of the proboscis working up and down, the 
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tips alternately striking the surface of the fruit and gradually effect- 
ing an entrance. No sooner was the opening nicely started than the 
moth quickly returned to the former puncture, as if to say, ‘‘More 
juice and less work.” 

This observation confirms the published statement by C. G. Barrett, 
who records the observations of his sister residing in the colony. 
(Entomologists’ Monthly Magazine, June, 1900, pp. 140-144; July, 
1900, p. 163; September, 1900, pp. 207, 208; also Entomologists’ Record 
and Journal of Variation, July 1, p. 193, and October 15, p. 267, 1900; 
Nature, May 31, 1900, report of meeting of Entomological Society. ) 

The same moth was kept under close observation from 9 to 11.50 p. m., 
during which time it did not leave the puncture, but fed continually. 

The moths do not make a single straight channel, but force the 
proboscis down at different angles, thus producing a conical injury 
one-half inch or more in altitude, penetrated by numerous very fine 
channels. The tip of the proboscis is black, very hard, finely pointed, 
and provided with spines, which seem to serve the purpose of rasping 
the pulp of the fruit, thus enabling it to be drawn up with the exud- 
ing juice. The fruit in the vicinity of the puncture is very pliable. 
On removing the surface layer the injured portion is seen to be quite 
hollow. 

Apples do not decay speedily, but remain for some time, the slight 
decay perhaps rendering them the more readily detected by the moths. 

While feeding the wings were usually in a horizontal position and 
motionless. At other times there was a slight but distinct rapid 
vibration. In some eases the wings were slightly elevated, occasion- 
ally vibrating as stated above. 

On one occasion an egg seemed to drop from the ovipositor. I took 
precautions to secure any additional ones, but obtained nothing but 
small drops of liquid; found no trace of the eggs. I dissected a 
number of females, and in one found three light green eggs, ribbed 
very much like those of Heliothis armiger Hbn., but flatter and 
somewhat larger. 

I revisited the orchard about half an hour before daybreak and 
found the moths still abundant and feeding as contentedly as before. 
Just at dawn they gradually disappeared. I singled out four to deter- 
mine their hiding place. Touching two of them with my pencil, ° 
they flitted away, it being stiil too dark to follow them. The third 
soon darted away toward the ground and was out of sight. The 
fourth remained some moments longer, but, unfortunately, I looked 
away for an instant to rest my eyes. 

During the following evening I secured about 30 for specimens. 
Occasionally one would flit away, and I could distinetly hear it strike 
the ground. On lowering the lantern it was not always easy to locate 
them, their colors being somewhat protective. They made no effort to 
escape till again disturbed, sometimes permitting themselves to be 
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pushed into the cyanide bottle in an apparently lifeless condition, 
only trying to escape after the cyanide had begun to affect them. 

This species (Serrodes inara Cram.) was only found on apples and 
guavas. Oranges, although ripening nicely in the same orchard, were 
left untouched. A few specimens of three other species, one of which 
attacked oranges, were also observed on apples. 

To determine whether or not the moths could be readily attracted 
to poisoned sweets some tins of jam—strawberry, apricot, and plum— 
were procured and placed in some of the trees. In others the same 
materials were spread on sheets of paper and fastened to the branches 
near the fruit. With one exception not a moth paid any attention to 
the sweets. One opecimen was seen on the edge of the tin of plum 
jam, but disappeared before I could determine whether or not it was 
feeding. 

Unless we succeed in destroying the insect in some other stage of 
development the only way to secure the fruit is to apply netting while 
the moths are abundant. > 


NOTES ON FOUR IMPORTED PESTS. 
By A. H. KirRKLAND, Boston, Mass. 


Up to the present summer Massachusetts has-borne the unenviable 
distinction attaching to the only State harboring the gypsy moth 
(Porthetria dispar Linn). She now enjoys whatever benefit company 
affords misery, for during the present month a colony of the insect 
has been found at Providence, R. I. The infestation in this city is 
scattered over at least 2 square miles in the residential district. The 
first specimens were discovered August 1 by an amateur naturalist, 
Mr. Prescott Newhall, who carried them to Mr. James M. Southwick, 
formerly entomologist to the Rhode Island board of agriculture. Mr. 
Southwick rightly conjectured that they were gypsy moths, but to 
settle the matter beyond doubt, took specimens to the office of the 
Massachusetts board of agriculture, where the writer was able to 
corroborate the identification. 

On August 2 the writer made an examination of the colony and 
found it in the incipient stage, no trees being defoliated. The street 
trees are quite generally infested, and it seems probable that the 
caterpillars have spread from the original centers of infestation by 
dropping on teams and that in this way a large part of the city may 
be infested. 

Few facts are available at the present writing to show how the moth 
found its way to Providence, a distance of at least 35 miles in a direct 
line from the nearest infested point in Massachusetts. The colony 
in question does not show the characteristics of a natural infestation 
slowly spreading from a central point. Instead, there are several 
isolated points where numerous hatched egg clusters occur, none of 


94 


these clusters apparently being over 3 or 4 years old, thus showing 
that there are many centers of infestation. 

It was most unfortunate that the work against the moth in Massa- 
chusetts incurred the enmity of a large number of discharged 
employees. It was well known to them that the finding of the moth 
outside of Massachusetts probably would cause the State to abandon 
the work of extermination. When the matter of continuing the work 
was being discussed in the legislature in 1899, a persistent rumor was 
in circulation to the effect that the moth had been ‘‘ planted” in Rhode 
Island. Efforts to trace these rumors to their source were not very 
successful, all the available clues being followed up without tangible 
results. While the occurrence of the moth in Providence may be due 
to some well-known means of distribution, in the absence of facts 
showing this to be the case it is hard to avoid the belief that the moth 
may have been deliberately carried to that city. 

The Providence city authorities have acted with commendable 
promptness in the matter, and under the direction of Mr. Southwick 
competent men are at work destroying the egg clusters with creosote 
oil. It is earnestly hoped that the fight against the insect will be con- 
tinued in order that its future spread may be prevented. 

In Massachusetts the gypsy moth has spread unchecked since the 
cessation of the State work against it, February 1, 1900. To those 
who had tried to make this work a success it was gratifying to note 
that in 1900 practically no damage by the moth occurred throughout 
the whole infested district. The former infestations had been so 
severely dealt with that comparatively few scattered insects remained. 
In some of the larger infestations, particularly in the central towns, 
there were enough moths to serve as nuclei for colonies, and the 
present year in restricted localities numbers of trees have been defoli- 
ated. The season has been favorable to the increase of the moth, and 
at the present date (August 15) formidable numbers of the egg clus- 
ters may be seen in all of the central towns of the infested district. 
It seems probable that in a few years the insect, if unmolested, will 
be sufficiently abundant to repeat the widespread damage caused in 
1888-1890. 

Already there are indications that public sentiment is becoming 
more favorably disposed toward the past work of the gypsy moth 
committee. Without doubt in a few years the increase and activity 
of the moth will again make necessary some organized effort to reduce 
its numbers. 

While the cessation of the work against the gypsy moth seemed 
unwise, and was a great disappointment to those familiar with it, yet it 
is fortunate that out of this work have come accurate and effective 
methods of dealing with the pest when it again appears in force. The 

value of these methods is well illustrated in the case of the Provi- 
dence infestation. Within a day after the colony was discovered a 
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trained man, equipped with the proper apparatus and insecticides, 
was placed at work destroying the egg clusters, and in a few days 
accomplished more than an amateur could have done in as many 
weeks. 

While not as important in its injury to trees as the gypsy moth, 
few insects have created a greater local commotion than the brown- 
tail moth (Hwproctis chrysorrhea Linn.) in Boston and its suburbs 
the present summer. The caterpillars were sufficiently numerous to 
strip shade and fruit trees in many residential localities; pear trees 
suffering to the greatest extent, with apple, cherry, plum, and willow 
following in about the order named. 

As is generally known, the hairs of the brown-tail moth caterpillar 
coming in contact with the human flesh produce a fierce and endur- 
ing irritation. As the caterpillars matured and commenced to 
migrate in search of shelter, large numbers of children and many 
adults were severely ‘‘poisoned” by them. So numerous were com- 
plaints from this source, and so prevalent was the belief that a new 
epidemic disease had appeared, that the Boston board of health gave 
a public hearing on the subject. At this hearing it was explained 
that the so-called epidemic was due to the caterpillar hairs, and that 
by the destruction of the winter webs which shelter the hibernating 
insects, future annoyance could be prevented. As has been deter- 
mined by Mr. F. J. Smith, former chemist to the gypsy moth com- 
mittee, the irritation caused by the caterpillars is probably of a 
mechanical nature and not due to any poisonous principle contained 
in the hairs. The hairs are barbed and very brittle, and when once 
lodged in the skin are easily broken, and require several weeks for 
their expulsion. 

It has not been possible to continue following accurately the spread 
of this insect, but it is now known to occur in Brockton and in Hud- 
son, Mass., and probably it has established itself throughout the ter- 
ritory lying between these localities and the known infested region, 
making a total infested area of over 1,200 square miles. More or less 
work has been done against this insect by local park and street boards, 
and where this has been carried on along approved lines the results 
have been very satisfactory. 

It is noticeable that the moth is strongly attracted to lights, and 
hence the greatest infestation is usually where street lights are most 
numerous. The little European parasite, Diglochis omnivorous 
Walker, is very effective in destroying the pupz, but its services 
have not been sufficient to restrict the increase of the moth. 

Taking Massachusetts as a whole, the most general damage by any 
insect pest the past season has been that by the elm-leaf beetle 
(Galerucella luteola Muell.). This insect has now become established 
in nearly all of our cities and larger towns, and has finally invaded 
Boston, where it threatens to cause serious damage. It is noticeable 
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that the spread of the insect has been chiefly along water courses and 
to a less extent along the main lines of railway. 

The severe injury by the beetle in the larger cities of the Connecti- 
cut Valley several years ago led to the introduction of municipal 
spraying operations. The original methods of work have been im- 
proved until they are now very effective. The chief reliance is placed 
upon a thorough spraying with some form ‘of arsenate of lead as soon 
as the foliage develops. It has been found most practical in large 
operations to use several powerful hand outfits, carrying two lines of 
hose, rather than to employ one or two steam outifits. The greater 
number of outfits permits the thorough treatment of the trees in an 
entire city as soon as the foliage has developed, and thus the beetle 
is not permitted to damage the trees in one part of a city while 
spraying is being carried on in another section. The work of the 
Springfield city forester, William F. Gale, has been particularly weil 
carried out, and has served as a model for similar operations in other 
municipalities. 

While the beetle, as a rule, has but a single brood throughout the 
State, a well-defined second brood occurs on Cape Cod and a partial 
second brood in the Connecticut Valley. In neither locality has this 
latter brood caused damage worthy of note. 

Willows and poplars throughout the State are becoming more and 
more subject to attack by the imported weevil (Cryptorhynchus— 
lapathi Linn.). This insect seems also to have followed the water 
courses while spreading through the State, although the transporta- 
tion of nursery stock is responsible for a large part of its journeyings. 
Nearly all our nurseries are more or less infested with this weevil, 
whose life history the writer has worked out in detail. Late in the 
summer, after feeding for some weeks on the petioles and young shoots, 
the beetles drill small holes into the bark beneath leaf scars or other 
irregularities and in them deposit the eggs singly. The holes are 
then carefully filled with bark dust. The eggs hatch in a short time, 
and the young grubs feed in the bark for a few weeks and then enter 
hibernation. At this time the grubs may be detected easily, as their 
presence is revealed by the black outlines of their burrows, which are 
plainly visible on the bark. With the advent of spring the weevil 
enters the sapwood and grows rapidly to maturity. When full grown 
the grub returns down the burrow, enlarging it toa uniform diameter, 
then ascends to the upper end, prepares a tight chamber, and trans- 
forms. The beetles commence to emerge in June. There is quite a 
variation in the time of emergence, those insects breeding in young 
shoots emerging first, while those feeding in the older wood appar- 
ently require a longer time for their development. While the insects 
as a rule hibernate as young larvee, individuals in all stages of growth 
are sometimes found in winter in the heartwood of old trees. 

In Germany this weevil is known chiefly asa pest of the basket willow 
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and alder. In Massachusetts we have noticed it more particularly as 
destroying ornamental poplars and willows. There are many loeali- 
ties, particularly along our coast, where cottagers are dependent 
almost entirely for shade upon the Balm of Gilead poplar and one or 
two species of willow. These trees, brittle at their best, when rid- 
dled by burrows of the weevil become easy victims of ice storms. 

The remedial measures most in favor are the destruction of the 
grubs by hand in the fall or winter. Where a tree is badly infested 
it is hardly worth while to attempt to preserve it. Such trees should 
be cut and burned, and in their places should be planted the silver 
maple, three-thorned acacia, or other species, that thrive in damp 
localities. 


DROUGHT, HEAT, AND INSECT LIFE. 
By Mary E. MURTFELDT, Kirkwood, Mo. 


Probably few localities in the Mississippi Valley have suffered so 
greatly from prevailing atmospheric conditions as has the suburb of 
Kirkwood during the present summer. Following an unusually dry 
spring there has been no appreciable rainfall since a brief, but heavy, 
shower on the 12th of June. Even of the two or three light showers 
that visited our city (St. Louis), but a few miles distant, scarcely a 
drop, or but a mere sprinkle, extended to Kirkwood. For many suc- 
cessive days the mercury ranged from 100° to 110° in the shade, and 
for only about six days since the middle of June has the maximum 
temperature fallen below 90°. 

Under such conditions it would seem inevitable that insect life must 
be much affected. My personal observations, although extending over 
a very limited area, indicate that this is the case. Early in the spring 
Aphididz of many species and in incomputable numbers occurred on 
grain and all varieties of fruit trees and threatened destruction to 
many choice ernamental shrubs. These insects would naturally be 
reduced as the season progressed, but usually some estivating indi- 
viduals or forms can be found by the close observer. At present, 
however, the most careful examination fails to reveal evidence of any 
persisting species. 

Cutworms, which were very destructive upon early vegetables in 
spring, find now no cultivated plants and no succulent weeds upon 
which to feed, nor have any species of the moths been noted for many 
weeks. The ‘‘corn ear-worm” or ‘‘ tomato fruit-worm” of this region 
(Heliothis armiger) does not find for miles around either of these 
plants for its sustenance and ean not, it seems to me, fail to be so 
reduced in numbers as to be practically innoxious for at least one or 
two succeeding seasons. 

~Curculio and codling moth, following a season in which both stone 
and pip fruits were practically a failure hereabout, are scarcely at all 
in evidence in the dwarfed and flavorless apples, pears, and peaches 
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that still cling to the trees or have already dropped to the hard and 
heated earth. 

A large prune tree on the grounds of the writer which has been in 
bearing for eight or ten years, but which is such a bait for Con- 
otrachelus nenuphar that we have seldom been able to obtain a per- 
fect fruit, yielded recently quite a crop of undersized but not wormy 
prunes. As entomologists all know, the pupze of many moths and 
beetles require a certain amount of moisture to enable them to emerge 
from the ground, beneath which their transformation takes place, and 
to expand their wings. It would seem as though the midsummer 
broods had not been able to do this, as the strongest lights have for 
weeks failed to attract any Noctuids, Geometers, or Bombyeids, and _ 
scarcely any leaf-feeding beetles are to be found even on such vege- 
tation as is still green. Incidentally it may be said that for the stu- 
dent of the life histories of insects this is the most disappointing sum- 
mer on record, but what its influence may be upon many well-known 
forms is a matter of not a little economic interest. 

The horsefly, very numerous and annoying to cattle during May 
and June, entirely disappeared some weeks since, the manure drying 
out too rapidly to afford the larve time to develop. Even the house 
fly and other annoying Muscidz are comparatively few in number. 

At this writing in this immediate locality almost the only grass- 
hoppers to be seen in meadows and pastures are in a very immature 
condition, and few in number. The chorus of other orthopterous 
species, usually so full and obtrusive during the evening hours at 
this season of the year, is very thin and interrupted. Occasionally 
one can distinguish the soft whirring of an Orchilimum or Xiphidium, 
and, at remote distances and intervals, the ear-splitting shrill of the 
“cone head.” 

The true katydid does not this year interrupt conversation in the 
evenings on the lawn or piazza with its hoarse iterations, neither does 
the angular-winged form with its noisy rattle. Butterflies have dis- 
appeared with the flowers from our gardens, and bees are consuming 
the stores accummulated for winter use. But insects, especially the 
obnoxious kinds, have great and inexplicable powers of adaptation 
and endurance, and there is much interest attaching to the problem of 
their survival and multiplication under present adverse conditions, 

It must not be forgotten that there are a few species that seem to 
revel in the heat and aridity. Among these are the ants, large and 
small. With no showers to inundate their galleries and temporarily 
arrest their activities they have increased beyond computation, and 
have become an almost insupportable nuisance about dwellings. The 
black crickets also seem to have found in the heat and drought of 
the present summer circumstances exactly suited to their enjoyment 
and multiplication. Their shrill chirpings on field and lawn and 
about our dwellings replace the notes of arboreal insects and indicate 
their presence in very unusual numbers. 
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Still another insect that seems to find the heat and drought of the 
present season most congenial and favorable for its multiplication 
and enjoyment is that household pest the ‘‘silver fish” (Lepisma 
domestica Pack.). Everywhere among books and papers, on closet 
shelves, between piled dishes, on all folded clothing and curtains 
containing starch the little nuisances, large and small, may be seen 
darting to cover upon the slightest disturbance, and in many cases 
the damage done is very serious, especially to costly books, collections 
of pictures, and to lace curtains. The only resource of the house- 
keeper has been to dust pyrethrum powder profusely over her books 
and unframed pictures, to remove all ornamental papers from the 
shelves of china closets and sideboards, and to frequently examine 
and shake out draperies and clothing liable to attack. 

There are a few other species that have for brief periods proved 
troublesome, but those noted are the most prominent and irrepressible. 

W hat the effects of the unusual season will be upon field-crop pests 
remains to be ascertained. Earlier in the season chinch bug, Hessian 
fly, and grain-feeding Aphididz were very prevalent and destructive 
in Missouri and adjoining States, and it can only be learned by the 
starting of fall crops in what numbers these have survived. It is to 
be hoped, and may reasonably be expected, however, that the great 
losses in almost all crops will be, in some measure, compensated by a 
marked reduction in the number of destructive insects. 


The secretary read several letters from absent members expressing 
regrets at not being able to attend the meeting, including ‘a letter 
from Secretary A. L. Quaintance, who was detained on account of 
pressing work, and also a letter from Director William Trelease, of 
the Missouri Botanic Gardens, cordially inviting the Association to 
hold its meeting of 1903 in St. Louis during the Louisiana Purchase 
Exposition. 

The committee on nomination proposed the following officers for 
the ensuing year: 

President, A. D. Hopkins, Morgantown, W. Va. 

First vice-president, E. P. Felt, Albany, N. Y. 

Second vice-president, T. D. A. Cockerell, East Las Vegas, N. Mex. 

Secretary, A. L. Quaintance, College Park, Md. 

The report of the committee was accepted and the above-named 
officers elected. 

The committee on resolutions made the following report, which was 
accepted and adopted: 

Resolved, That this Association, at its first meeting since the death of Dr. Otto 
Lugger last May, desires to place upon record its deep regret at the loss it has sus- 
tained by his untimely removal. Economic entomology has been deprived of an 


able exponent, and the members of this association feel also that they have per- 
‘sonally to lament a true and warm-hearted friend. Dr. Lugger has long been 
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identified with economic entomology in this country. and aside from his scientific 
ability he was a man of admirable qualities and wide information. 

Resolved, That the Association of Economic Entomologists desires also to express 
its sense of loss through the death of Miss E. A. Ormerod, of England. Long before 
this body came into existence, at a time when economic entomology was ignored 
in England, Miss Ormerod took up the study of injurious insects, and published 
numerous valuable reports directing the farmers how to recognize and deal with 
their insect foes. She not only did this for England, but extended her researches 
through the aid of correspondents to the colonies, and always took a lively interest 
in the work done in America. Asan example of private initiative and unselfish 
devotion to the public interest Miss Ormerod’s work deserves to rank with that of 
Lawes and Gilbert at Rothamstead. 

Resolved, That we request the Honorable Secretary of Agriculture to publish 
the proceedings of this meeting, and that we express to him our hearty apprecia- 
tion of such action in previous years. 

Resolved, That we express our thanks to the officials of the Denver High School, 
to the people of Denver and the local committee of the American Association for 
the Advancement of Science, to the Association, and to the local press for courte- 
sies extended. 

A. D. HOpPkKINs, 

W. H. ASHMEAD, 

BE. D. BALL, 
Committee. 


On motion of Mr. Felt it was voted to hold the next annual meeting 
at the same place with the next annual meeting of the American 
Association for the Advancement of Science, on the last week day 
preceeding and the first week day of the meeting of that Association, 
which will be held in Pittsburg, Pa., June 28-July 3. 

Adjourned. 

A. L. QUAINTANCE, Secretary. 
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LETTER OF TRANSMITTAL. 


U. S. DeparTMENT OF AGRICULTURE, 
Division OF ENTOMOLOGY, 
Washington, D. C., January 22, 1902. 

Srr: In the temporary absence of Dr. L. O. Howard, Chief of the 
Division of Entomology, I have the honor to transmit herewith the 
manuscript of a paper entitled ‘* Insect Enemies of the Pine in the Black 
Hills Forest Reserve,” by Dr. A. D. Hopkins, Entomologist of the 
West Virginia Agricultural Experiment Station. The extensive losses 
occasioned in recent years by insects to forest lands in various portions 
of the United States, and particularly in the North and Northwestern 
regions, have attracted great attention, and have necessitated investi- 
gations as to the character of the injury in order that the most appro- 
priate methods of control may be advised. The present contribution 
is the third of a series bearing upon the insect enemies of coniferous 
trees, and comprises a summarized account of results of a special 
investigation that was made during the year 1901 under instructions 
from this Division and with the cooperation of Mr. Gifford Pinchot, 
Forester of this Department, together with a consideration of valuable 
suggestions for preventing losses, based upon studies by Dr. Hopkins 
extending over a number of years. I recommend its early publication 
as Bulletin No. 32, new series, of this Division. 

Respectfully, 
F. H. CHIrrenDEN, 
Acting Entomologist. 
Hon. JaAmMEs WILson, 
Secretary of Agriculture. 
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INSECT ENEMIES OF THE PINE IN THE BLACK HILLS 
FOREST RESERVE. 


REQUEST, AUTHORIZATION, AND INSTRUCTIONS. 


The work herein reported was undertaken by request of Mr. Gifford 
Pinchot, Chief of the Bureau of Forestry, under authorization from 
the honorable Secretary of Agriculture and instructions from Dr. L. O. 
Howard, Chief of the Division of Entomology. 


THE INVESTIGATING TRIP. 


The investigations were conducted, in company with Mr. Pinchot 
and his chief field assistant, Mr. Griffith, on September 1 to 4, 1901, 
along a route traversed through the reserve from Spearfish, via Iron 
Creek, Bear Gulch, and Cement Ridge, South Dakota, Rifle Pit, 
Wyoming, and Spearfish Creek, to Lead, 5. Dak. 


THE CONDITIONS OBSERVED. 


Vast numbers of rock pine (Pinus ponderosa scopulorum) that were 
dying, or had died within recent years, of sizes ranging in diameter 
from 4 inches to the largest trees, were observed along the route. 
The dying trees occur in clumps of from afew examples to many 
hundreds, and in some sections, as viewed from the summit of Cement 
Ridge and other favorable points, the dying, recently dead, and old 
dead trees cover large areas. 


« 


THE AMOUNT OF DEAD TIMBER. 


Mr. H. 8. Graves* estimated in 1897 that about 3,000 acres of pine 
in the Black Hills Forest Reserve had been killed. Furtaer data fur- 
nished by the Bureau of Forestry show that the actual amount of dead 
timber, as determined by Mr. Griffith and party in a detailed survey of 
the timber resources of the reserve in 1901, is, ‘*An average stand of 
1,956 feet board measure of bug-killed timber on 116,000 acres, giving 
a total of 226,890,000 feet board measure.” 

HISTORICAL REFERENCES. 

It is the general opinion among settlers and others who have had an 
opportunity to note the conditions affecting the pine that the dying 
timber commenced to attract attention about six or seven years ago, 
or about 1895. 


“Nineteenth Annual Report U. 8. Geological Survey, 1897-98, Part V, p. 87. 


‘ 
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The evidence found by the writer in old dead standing and felled 
trees indicates that the pine-destroying beetle has been present for a 
much longer time. It was also evident that much of the devastation 
supposed to have been caused by forest fires was caused, primarily, by 
insects. 

Mr. Graves, in his exhaustive report on the Black Hills Forest 
Reserve,* refers, on page 87, to insects and the dead pine timber as 
follows: 


On the high limestone divide, from near Crook Tower to the head of Little Spear- 
fish Creek, there are numerous patches of dead and dying timber. These patches 
are usually rectangular in shape and follow the tops of the divide and ridges, or run 
lengthwise up and down the slope. This forest has for the most part not been lately 
burned, and there is a heavy matting of litter and humus on the ground. The injury 
is confined to the limestone formation and to high elevations. The trees are in many 
cases second growth and apparently perfectly thrifty. This injury is probably 
caused by insects. On all dead and dying trees examined were found bark borers, a 
species of the Scolytidze, working under the bark. In most cases the leaves were 
clinging to trees which had been dead for several seasons. While these borers do not, 
as a rule, attack vigorous trees, no other cause of the death of this timber could be 
found. 


Mr. H. E. Dewey, writing to the Division of Entomology from Lead, 
S. Dak., on August 12, 1899, stated: 


* * * There have been none in the trees this year until last Wednesday, the 
9th. On that day there was a southwest wind, and aswarm of them came. My 
dwelling is in what was a grove of young native Black Hills pines. The bugs settled 
on the house like a plague of locusts. At night they left the house and seattered 
about. I have examined the trees, and with one exception do not find that they 
attacked them. This one excepted tree is a sight. Hundreds of bugs settled on it 
during the night, and by morning they had buried themselves out of sight in the 
trunk. As they bored their way in, the dust from their boring, which was very 
fine, filtered out from the top to the bottom of the tree like fine sawdust, and fell 
about the tree on the ground. They could be plainly heard at their work as they 
bored into the wood. The tree was a vigorous young pine about 15 feet high and 6 
inches in diameter at the ground, and there is no apparent reason why they should 
select it more than others. Last year they were here in June. 


The following copy of a letter addressed to the Department of the 
Interior, Division of Forestry, was submitted to the author from the 
Division of Entomology, with a specimen of the insect, which, together 
with the specimens sent with Mr. Dewey’s letter, formed the material 
from which the species was named and descriptive notes were made. 
The letter is dated Piedmont, S. Dak., August 14, 1898, and reads as 
follows: 

Many of the pine trees in this vicinity are dying. Small holes appear in the bark, 
a reddish pitch exudes, the leaves turn brown, and in a few weeks the tree dies. I 


think the mischief is done by the small black insect inclosed herewith, which I found 
in one of the holes. Is there any remedy? 


«Nineteenth Annual Report U.S. Geological Survey, 1897-48, Part V, pp. 67-164. 
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WORK OF THE PINE-DESTROYING BEETLE OF THE BLACK HILLS (DENDROCTONUS 


PONDEROSA N. SP.). PRIMARY GALLERIES AND LARVAL MINES IN INNER SUR- 
FACE OF LIVING BARK. 


a, Entrance and basal chamber; ), ventilating holes in roof of gallery; ¢, termination. 
The larval mines radiate from the primary galleries. About one-half natural size. 
(Original. ) 
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WORK OF THE COARSE-WRITING TOMICUS, IN INNER SURFACE OF BARK FROM 


DYING PINE. 


(Original. ) 
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THE TROUBLE CAUSED BY INSECTS. 


The evidence obtained from a study of all stages of the afflicted tim- 
ber, including the living, dying, recently dead, and old dead trees, of 
all sizes, and under widely varying conditions of altitude, exposure, 
geological formation, soil, and character of growth, indicates quite 
clearly that this widespread, unhealthy, dying, and dead condition of 
the timber is the work of insects. 


THE PRIMARY ENEMY. 


The evidence found also clearly indicates that the insect which makes 
the first attack on the living trees, and therefore the primary cause of 
the trouble, isa small, black, bark-boring beetle, belonging to a species 
heretofore unknown to science, and appears to be peculiar to the Black 
Hills region.* 

NAME OF THE BEETLE. 

Since this primary enemy has not been distinguished from a number 

of other bark beetles found in the infested trees, it has not been desig- 


Fic. 1.—Work of the pine-destroying beetle of the Black Hills, in inner bark of dead tree. a, pri- 
mary galleries; b, larve mines; ¢, pupze chambers; d, exit holes. Reduced about one-half (original). 


nated by a local name. 1 would therefore suggest that hereafter it be 
designated as ‘‘the pine-destroying beetle of the Black Hills,” and by 


“Since this was written it has been reported from Colorado.—A. D. H. 
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the technical or Latin name Dendroctonus ponderosa.* The adult is a 
stout, dark-brown to black beetle, individuals of which vary in length 
from 4 to 7 mm. (about one-sixth to one-fourth inch). They attack 
living and healthy large and small pine trees, enter the bark on the 
main trunk, and each pair excavates a long, nearly straight, longitudi- 
nal gallery through the inner bark (Pl. I and fig. 1), usually grooving 
the surface of the wood. Eggs are deposited along the sides of this 
primary gallery and hatch into minute white grubs (larve), which 
excavate mines through the bark at right angles -to the primary gallery 
(fig. 1, 6). These mines are extended and enlarged as the larve 
increase in size, and when 
full grown each individual 
excavates a broad, oval 
cavity in the bark (fig. 1, 
c), in which it transforms 
to a soft, white pupa, and 
then to the adult, which 
bores out through the bark 
(fig. 1, @), and flies, with 
other adults of the same 
and other broods, in search 
of other living trees in 
which to excavate galleries 
and deposit eggs for an- 
other brood. 


SECONDARY ENEMIES. 


Many other species of 
bark beetles and other 
Fic. 2.—Work of the Oregon Tomicus ( Tomicus oregon Eichh.). bark and wood infesting 


Primary galleries and larval mines in inner bark. a, En- insects were found asso- 


trance; b, central chamber excavated through inner bark; : : : 
‘ — 
ce, egg galleries; d, location of central chamber not exca- ciated with the pr TMary 


vated through inner bark. Reduced about one-half (origi- enemy in the partly living 

ee bark of infested and dying 
trees, but none of them were found making an independent attack on 
living trees. Therefore they must be considered as secondary ene- 
mies, which follow the leader in the attack, and merely contribute to 
the rapid and certain death of the trees thus infested. 

The Oregon Tomicus (Tomicus oregont Kichh.).—This is a small red- 
dish to black bark beetle, individuals of which vary in length from 
3.5mm.to4mm. It follows closely the attack of the pine-destroying 
beetle, and enters the bark on the large and medium sized branches 
and toward the top of the main stem. Several females excavate radi- 


“This species has heretofore been erroneously identified as D. terebrans and D. 
rufipennis, and will probably be found so labeled in some collections. 
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ating galleries from a single entrance and a central chamber (fig. 2, a 
and 6). The central chamber may (@), or may not (4), extend through 
the inner layers of bark and groove the surface of the wood, but the 
radiating galleries are nearly always grooved in the surface of the 
wood, as are also the egg cavities, which are excavated at short inter- 
vals along the sides (figs. 3 and 4). These grooved and notched carv- 
ings are often very conspicuous in the surface of the wood of trees 
and logs for many years after the bark is removed or has fallen away. 
The number of galleries branching from the central chamber varies 
from two to five or 
six, but the normal 
number is four—two 
above and two below 


the entrance. The 
mode of development 
of the young stages is 
the same as in the pre- 
ceding species. (See 
EISY:) 

This is a-common 
enemy of the rock pine 
(Pinus ponderosa sco- 
pulorum) throughout 
the Rocky Mountain 
region and of P. pon- 
derosa west of the 
mountains. It is ever 
ready to attack and 
prevent the recovery 
of trees of all sizes 
which are suffering 
from weakened vital- 
ity. It is. also at- 


tracted to recentl y = ~*Fic.3.—Work of the Oregon Tomicus. Primary galleries engraved 
At a i = in surface of wood. Central chamber not extending into wood 

felled tf ces, and br eeds except ata. Reduced about one-half (original). 

in enormous numbers 


in the bark on the tops and branches. The species was found to be 
exceedingly common in trees infested by the pine destroyer and on the 
logs and tops of those felled by the lumbermen. 

The coarse-writing bark-beetle (Tomicus calligraphus Germ. var. occi- 
dentalis).—This is much larger than the Oregon Tomicus, but is of the 
same color and general form. Individuals vary in length from 4.5 mm. 
to 6.5mm. This species also follows closely the first attack by the 
pine destroyer. It enters the bark from near the base to toward the 
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top of the tree, and excavates three or four long longitudinal galleries 
from a single entrance and broad central chamber (PI. II). The cen- 
tral chambers and galleries are usually grooved in the surface of the 
wood, but can be readily distinguished from those made by the Oregon 
Tomicus. It is a common and widely distributed species over the 
greater part of the pine-producing areas of the United States from 
the Atlantic coast to and including the Rocky Mountain region.* It 
attacks all of the Eastern and Southern pines, and doubtless several 
of the Western pines in addition to the rock pine, in which it was 

found in large numbers 


inthe Black Hills region. 

The wood -engraving 
Tomicus (Tomicus cala- 
tus Eichh.).—This is a 
much smaller and more 


slender bark beetle than 
the two preceding spe- 
cies. Individuals vary 
in length from 2.6 mm. 
to 3.2 mm., and in color 


from dark red to dull 
black. This is also a 
common, widely distrib- 

: uted, and variable spe- 
cies. It extends from 

\ the Atlantic to the Pa- 
cific, and infests all of 

the Eastern and South- 

ern pines and spruces. A 

variety (var. scopulorum 

n. var.) was found in the 

rock pine of the Black 


Fic. 4.—Work of the Oregon Tomicus. Primary galleries en- Hills, and has been col- 


graved in surface of wood. Central chamber extending into lected by the writer from 
wood. Reduced about one-half (original). £ 


a number of other spe- 
cies of Western pines. It attacks and breeds in the inner bark on the 
roots, trunks, and branches of weakened and dying standing trees of 
all ages and sizes, from the very young to the oldest and largest. It 
also breeds in immense numbers in the stumps, logs, and tops of 
recently felled trees. 

The dark-red turpentine beetle (Dendroctonus valens Lec.)—This is the 
largest of the known North American bark beetles. The adults vary 
in length from 6mm. to9.5mm._ It attacks the bark on the base of liv- 


“The Western form seems to be sufficiently different in some minor characters to 
warrant this distinction in variety name—occidentalis. 
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Fic. 1.—A, PRIMARY GALLERIES, LARVAL MINES, PUPA CASES, 
AND EXIT HOLes; B, PRIMARY GALLERIES GROOVED IN SurR- 
FACE OF WOOD IN CHIP CUT FROM RAILROAD TIE. (ORIGI- 
NAL.) 


Fic. 2.—EVIDENCE OF CUTTING OF LIVING TREES. A, SCORING CHIP FROM 
RAILROAD TIE, SHOWING SURFACE OF WOOD NOT MARKED BY INSECTS; 
B, INNER SURFACE OF BARK FROM SAME CHIP. ABOUT ONE-THIRD 
NATURAL SIZE. (ORIGINAL.) 
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ing and dying standing trees and the stumps of felled ones, and exca- 
vates a broad, crooked, longitudinal gallery. The eggs are deposited 
in masses along one side, and when they hatch the larve work together 
and excavate a broad chamber, instead of making individual larval bur- 
rows, as is the rule with most other species. One of the striking pecul- 
iarities of this insect is the habit of the adult and larva of living in 
the quantity of semiliquid pitch or turpentine which accumulates in 
the primary gallery and brood chamber. While this beetle is capable 
of attacking and developing its broods in the bark of a living, healthy 
tree, it seldom causes the death of trees unaided by other insects. It 
does, however, contribute to 
the death of trees attacked by 
the pine-destroying and other 
destructive beetles. It is a 
common insect in the Rocky 
Mountain region and west to 
the Cascades. A variety (Den- 
droctonus valens orientalis) is 
common in the Kast, attacking 
in the same manner all of the 
Eastern pines. 

The Western pine IHylur- 
gops (Lylurgops subcostulatus 
Mann.).—This is a common, 
dull brown to black bark beetle, 
ranging in length from 3.5mm. 
to 4.5 mm., which attacks and 
breeds in the bark on the roots 
and bases of dying trees and the 
stumps and logs of felled ones. 
It excavates a single longitudi- 
nal gallery, and the broods de- 
velop in confused or irregular 
larval mines in the inner bark, { 

* Fig. 5.—Work of the rock pine wood engraver (Pi- 
but rarely groove the surface tyogenes cariniceps Lec.). Primary galleries and 
of the wood. This is one of larval mines in inner bark and surface of wood. 

Reduced about one half (original). 
the commonest bark beetles 
from the Rocky Mountain region to the Pacifie coast, and will evi- 
dently be found wherever the rock pine or Western yellow pine grows. 

The pine-root bark-beetle (Hylastes porosus Lec.).—This is a black, 
elongate, slender bark beetle, varying in length from 4 mm. to 5 mm. 
It attacks the bark on the roots of the Western pine and excayates a 
single longitudinal gallery from which the brood burrows radiate, 
and the broods develop in the usual manner. It was found in the 
bark on the roots of young seedling pines which had recently died, 


14 


and also in the bark on the roots of the stump of a recently felled 
tree in the Black Hills. This is also a common species of the Rocky 
Mountain pine regions. 

Branch and twig beetles.—The large and small branches and termi- 
nal twigs of the trees that were dying from the attack of the pine- 
destroying beetle were found to be infested by a number of described 
and undescribed species of the genus Pityophthorus and by Pityogenes 
cariniceps, all of which attack the bark as soon as the trees commence 
to die, and contribute, more or less, to hastening the death of the trees. 

Ambrosia or timber beetles and wood-boring grubs.—The wood of the 
trees was found to be infested by the Western hemlock wood stainer 
(Gnathotrichus sulcatus Lec.), the Western pine wood stainer (Gnatho- 
trichus occidentalis Hopk. MS.), and several unidentified Buprestid 
and Cerambycid larvae, which attack the trees, and when they com- 
mence to die bore into the sapwood and contribute to its rapid decay 
by giving entrance through their burrows to wood-decaying fungi. 


SMALL TREES DYING FROM OTHER CAUSES. 


The rock-pine pitch worm.—In addition to the trees killed by the 
pine-destroying beetle, quite a number of young pines 2 and 8 inches 
in diameter were found in the vicinity of Spearfish and Crow Peak 
that were seriously injured by the larva of an undetermined Sesiid 
moth working in the living bark of the main stem and causing ugly 
wounds. Successive attacks on the same tree weaken its vitality and 
attract the Oregon Tomicus and species of Pityogenes and Pityophtho- 
rus, which infest the main stem and branches, while a number of the 
root-infesting bark beetles and a pine weevil attack the base and roots, 
and the tree soon dies. Only a dead and dry larva and a dead chrysa- 
lis of this insect were found. The characters exhibited by these speci- 
mens do not agree with the descriptions of the larva of the sequoia 
and pine-destroying Sesiid (Lembecia sequoia= Vespamima sequoie Hy. 
Edw.*) or of the larva and chrysalis of the pine Sesiid (/Zarmonia 
pin= Parharmonia pint Kellicott”). 

The destructive habits of this class of enemies of trees (which 
includes the common peach-tree borer) suggest that this may be a 
common and destructive enemy of ‘‘ reproduction” pines in the Black 
Hills and other pine-producing areas of the West. 

The pine weevil.—In another section near the Wyoming and South 
Dakota lines many young trees were observed which were apparently 
dying from the attack of a pine weevil (/%ssodes sp.), or the combined 
attacks of this insect, a root fungus disease, and a number of species 
of bark beetles. 


“Mem. Am. Mus. Nat. Hist., vol. 1, part vi, Mongr. Sesiidee. Am. North of Mex. 
1901, p. 263, with bib. ref. 
»Tbid., p. 264. 
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INSECT ENEMIES OF THE FOLIAGE. 


Little time was had to collect or study the enemies of the foliage, 
but from general observations there was no perceptible injury from 
this class of depredators. 


NATURAL ENEMIES OF THE DESTRUCTIVE AND INJURIOUS 
INSECTS. 


Numerous species of predaceous and parasitic insects were found 
associated with the primary and secondary enemies. Some evidence 
was found of the beneficial work of birds, and a few examples of the 
pine-destroying beetle were found that had been killed by a disease, 
but in no case was there sufficient evidence to indicate that any of 
these natural enemies, or all combined, were in sufficient numbers to 
render any special service toward bringing the trouble to an end. 
They were undoubtedly rendering some service, however, in prevent- 
ing the rapid multiplication of the pine destrover, which would other- 
wise occur. 

PREDACEOUS ENEMIES. 


The bluish-green predaceous beetle ( Trogosita virescens Fab.).—This is 
an elongate, flattened, shining, green beetle, varying in length from 
10 mm. to 13 mm., and in width from 3 mm. to 4 mm. The larva 
is a long, slender, reddish to whitish worm, with shining black head 
and prothoracic pilates. This recognized predatory enemy of bark- 
infesting insects was frequently found associated with colonies of the 
pine-destroying beetle and the secondary enemies, and a few adults 
were found hiding beneath the flakes of outer bark. This widely dis- 
tributed insect in North America has not been sufficiently studied to 
determine its true relation to the destructive enemies of the trees, but 
it is evidently quite beneficial. 

Clerid beetles and their larve.—The slender, reddish larve of unde- 
termined species of this class of predaceous enemies of bark beetles 
were found in small numbers in the bark with the broods of the 
destructive and other species of bark beetles. This class of beneficial 
insects usually renders great service in reducing the numbers of the 
destructive and injurious species. Therefore their scarcity in this 
region may have had much to do with the rapid multiplication and 
spread of the pine-destroying Dendroctonus. While collecting speci- 
mens of bark beetles from saw logs in a mill yard at Boulder, Colo., 
on August 25, one of these Clerids (Clerus nigriventris Lec.) was very 
common. The active, ant-like adults, which are black, marked with 
transverse patches of gray, vary in length from 6 mm. to 8 mm., and in 
width from 2.5mm. to3mm. The larva is a slender, pale red worm. 
The adult feeds on and destroys great numbers of the adult bark 
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beetles before they enter the bark and when they emerge, while the 
larva destroys the larva and broods in the bark. 

A reil-bug enemy of bark-beetles.—A small, red to brown Hemipter- 
ous bug of the family Acanthiide and subfamily Anthocorina was. 
found inall stages of development, associated with colonies of the pine- 
destroying beetle and its allies, in the bark of recently attacked living 
and dying trees. These little relatives of the bedbug and the flower 
bugs are recognized as aggressive enemies of bark beetles, both in the 
East and West. The one found in the Black Hills is evidently P%zos- 
tethus californicus Reut. The adult is about 3 mm. long, slender, 
grayish, and exceedingly active. The young forms are usually bright 
red, active little creatures which attack and suck out the liquids from 
the bark beetles and their larve. The adult bug also attacks and 
kills the adult bark beetles. While this is a common and active enemy 
of the smaller bark beetle, it probably does not render much service 
toward checking the ravages of the destructive species. 

Other predaceous beetles.—There are also a number of predaceous 
beetles of the families Colydiide, Tenebrionide, Histeride, and 
Staphylinide which were found in greater or less numbers in the 
bark of infested trees, but their exact relation to the destructive 
beetle was not determined. 


PARASITIC INSECTS. 


Several parasites belonging to the order Hymenoptera and families 
Braconide, Chalcididee, and Proctotrupide were found to be enemies of 
the smaller bark beetle larve and adults, but none were found attack- 
ing the pine-destroying species. Therefore there does not seem to be 
much service rendered by this class of insects, which are usually so 
efficient in reducing the numbers of bark beetles. 


PARASITIC FUNGI. 


A few examples of the adults and larvee of the pine-destroying beetle 
were found which had evidently been killed by a fungus disease, but 
this was by no means common enough to have rendered any service 
in checking its ravages. 


BIRDS AS ENEMIES OF THE DESTRUCTIVE BEETLE. 


A few old dead trees and some which had been recently infested 
which showed evidence of the beneficial work of woodpeckers were 
observed in some localities, but hundreds of other insect-killed trees 
showed no trace of work by the birds. Therefore there appears to be 
very little service rendered from this source. This is evidently due 
to a scarcity of the birds and to the fact that the habit of the insect 
transforming to the adult in the inner bark makes it less accessible to 
the birds than are the spruce-destroying beetle and other bark beetles 
which undergo this change in the outer bark. 


PLATE V. 
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Fic. 1.—A 


, GALLERIES ENGRAVED IN SURFACE OF WOOD CUT FROM OLD 


DEAD TREE; B BARK WITH INNER PORTION DESTROYED BY GALLER- 


IES AND 
NAL.) 


LARVAL MINES. ABOUT ONE-THIRD NATURAL SIZE. (ORIGI- 


Fic. 2.—GALLERIES IN INNER BARK AND SURFACE OF WOOD OF RAILROAD 
TIES AND EDGING STRIPS. ABOUT ONE-THIRD NATURAL SIZE. (ORIGI- 
NAL. ) 
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WORK OF THE ROCK PINE-WOOD ENGRAVER (PITYOGENES CARINICEPS LEC.). GALLERIES 
IN INNER BARK AND SURFACE OF Woop. ABOUT ONE-THIRD NATURAL SIZE. (ORIGI- 
NAL.) 
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HOW THE TREES ARE ATTACKED AND KILLED. 


Many hundreds of trees were examined during the investigation, 
including those that were living and perfectly healthy, living and 
freshly attacked, infested and dying, recently dead, and old dead ones 
which bore evidence of having been killed by the pine-destroying 
beetle. All stages of the insect, including the adult, the egg, different 
stages of the larva, the pupa, and recently transformed beetles, were 
observed and studied, as were also all stages of the primary entrance, 
the gallery and brood mines in the living, dying, and dead bark, and 
also the primary gallery grooves on the surface of the wood of old 
dead trees and logs from which the bark had fallen and decayed. 

The evidences gathered from these studies, and from information 
conveyed in Mr. Dewey’s letter, quoted on another page, indicate that 
the principal attack is made in August, when it would seem the beetles 
migrate in swarms from the dying trees and settle on the living ones, 
which they attack and infest in large numbers from near the base to 
the upper part of the main trunk or stem. 

The trees that are attacked by a sufficient number of the beetles to 
overcome the resistance exerted by the vital forces of the plant com- 
mence to decline, and by winter or the following spring they die and 
the leaves turn yellow and red. Those not attacked by sufficient num- 
bers of the beetles to overcome this vital resistance recover and are 
usually exempt from future attacks; the wounds heal and are covered 
over by subsequent layers of wood, thus causing pitch spots or gum- 
streak defects in the wood. 

The details of the work of the attacking force of beetles on a living 
tree may be briefly described as follows: 

Both sexes settle on their victim, usually in large numbers, and the 
males (7)* commence to excavate the entrance burrows, which are usu- 
ally hidden in a crevice or beneath a flake of the outer bark. The 
reddish, sawdust-like borings thus produced and thrown out fall to the 
ground around the base and lodge in the loose outer bark on the trunk. 
When they enter the inner living bark, or bast, the tree commences 
to exert its resistance by throwing out pitch to fill and heal the fresh 
wounds in the living tissue. Then the struggle between the resisting 
force of the plant and the beetles begins in earnest. Each female 
joins her mate, and together they continue the excavation. The bor- 
ings and pitch are disposed of by being pushed out and formed into 
a pitch tube at the mouth of the entrance burrow (Pl. VI, figs. 1, 3, 
and 4). The inner bark is entered obliquely and subtransversely to 
the cambium and surface of the wood, where a broadened cavity is 
excavated for the accommodation and temporary occupation of the 


“While it was not positively determined that the male of this species excavates 
the first entrance, it is the habit of many other bark beetles, and is probably followed 
by this. 
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pair, probably until the principal flow of pitch is exhausted. The 
gallery is then extended (probably by the female) transversely or sub- 
transversely for a short distance (seldom more than an inch), and then 
longitudinally up or down the tree, but usually up, varying from a 
few inches to a foot and a half, the normal length being about 1 foot. 
As soon as the gallery has been extended 1 or 2 inches from the 
entrance and basal cavity, small notches, or cavities, are excavated in 
the sides of the gallery, in each of which an egg is deposited, and so 
on until the gallery is completed. As the eggs are deposited, the bor- 
ings, instead of being thrown out at the entrance, are closely packed 
in the entrance burrow, basal cavity, and gallery, except near the 
farther end, which is kept open, enlarged, or extended to one side or 
the other, as it is occupied by the parent beetles, after their work of 
constructing the egg gallery is completed, until they die (PI. I). 

The bark of an infested tree is usually occupied by one of these 
primary galleries in every 1 to 6 inches of circumference from near the 
base to near the middle of the trunk (Pl. VII, fig. 2). Therefore they 
effectually check the normal movements of the sap, and the larval 
mines, which radiate from the primary gallery, destroy the intervening 
bark and complete the girdling process. 

Ten or twenty, or even forty or fifty pairs of beetles, attacking a 
tree 6 or 8 inches in diameter, would have little or no effect on:its 
vitality if scattered over the trunk from the base to near the top, but 
if concentrated on a limited space on the upper part of the trunk, and 
distributed so that there is a gallery at intervals of about every 
inch of the circumference, forty or fifty galleries are sufficient to so 
seriously affect the tree that other insects are attracted to it, and it 
soon dies from the girdling effect of the primary galleries and brood 
mines. The marks of as many as seven galleries were observed in a 
single chip, 6 inches wide and 124 inches long (PI. ILL, fig. 2), cut from 
a tree that had been killed by the beetles. This, with many other 
observations relating to the number of pitch tubes on freshly attacked 
trees and the galleries in the bark of dead and dying ones, indicates 
that the average tree killed by the beetles has from one hundred to 
two hundred galleries in 30 to 40 square feet of bark from the middle 
to base of the main stem or trunk. The number of eggs deposited 
in each gallery depends on the number of galleries within a given 
area of bark and the success of the attack. They vary from one or 
two to about one hundred, but the normal number appears to be about 
forty to fifty. If only one-half of these develop to adults there are 
four thousand or five thousand beetles to emerge from a single tree 8 
to 10 inches in diameter. Therefore the number of beetles that may 
emerge from the thousands of trees that die in a single year would 
make a swarm of millions of individuals. Even if this number were 
reduced one-half, it will be readily seen how the trouble may be 
rapidly extended over vast areas of forests. 
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CHARACTERISTIC FEATURES OF THE LIVING, DYING, AND DEAD 
TREES INFESTED AND KILLED BY THE BEETLE. 


The characteristic features which are of importance to the forester 
and lumberman in identifying the presence and the work of the pine- 
destroying beetle are as follows: 


BORINGS AND PITCH TUBES. 


The first indication of attack is the red dust or borings lodged in the 
loose bark and fallen arouna the base of the tree. The next and more 
conspicuous evidence is the presence of numerous small masses of pitch 
or so-called pitch tubes on the outer bark at the mouth of the entrance 
burrows. (Pl. VIL., figs. 1, 3,4.) If the pitch is fresh and mixed 
with reddish and white borings, it indicates a recent attack and the 
presence of the living beetles in the bark. If, however, the pitch is 
dry and hardened, without traces of fresh borings or the presence of 
living beetles, and the tree is living, it indicates an abandoned attack 
and that the tree will recover. 


APPEARANCE OF THE LEAVES, 


The leaves of trees dying from attack by the beetle present first a 
pale-yellow appearance in the tops and tips of the branches, followed 
by a general yellowing of all the leaves, thus presenting from a long 
distance a marked contrast to the dark, healthy green of the surround- 
ing living foliage. If the bark is stripped off and examined when the 
trees are in this condition, all stages from eggs to fully-developed 
broods will usually be found, together with numerous other secondary 
enemies of the trees and enemies of the insects. The leaves do not 
fall from the twigs for possibly two or three years after the trees 
die and the broods of beetles emerge, but they soon change from yel- 
low to red, and thus become even more conspicuous. The normal 
length of time the leaves remain on the twigs has not been determined, 
but the greater number evidently fall during the second or third year, 
leaving the twigs almost bare, with the exception of a few leaves on the 
tips which may adhere for a much longer time. 


APPEARANCE OF THE TREES THAT HAVE BEEN DEAD THREE YEARS OR 
MORE. 


Little opportunity was had to obtain information on the character- 
istic appearance at different stages of deterioration, but it would appear 
from such observations and general comparisons as could be made that 
the twigs and some of the branches commence to fall within three or 
four years, and that after the fourth year rapid decay sets in, and the 
tops commence to break off. 
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EVIDENCE OF THE WORK OF THE BEETLE ON OLD DEAD TREES. 


After the trees have been dead many years most of them decay at 
the base and fall, while the main trunks or snags of others remain 
standing; yet as long as the surface of the wood remains sound the 
characteristic longitudinal gallery grooves will be more or less distinct, 
and serve to indicate that the trees were attacked while living. Pieces 
of the old bark will also usually show traces of the galleries and indi- 
sate by the pitch-preserved tissue that the galleries were excavated in 
living bark. Traces of the pitch tubes may also remain on the outer 
bark for many years and serve to indicate the cause of the trouble. 


RELATION OF WOOD-BORING INSECTS AND WOOD-DESTROYING 
FUNGI TO THE RAPID DETERIORATION OF THE WOOD. 


As previously indicated, there are a number of wood-boring insects 
which bore into the sapwood of dying and dead trees. Some also 
penetrate the heartwood. Some of these wood-infesting insects enter 
tne wood as soon as the tree commences to die, others after it is dead, 
and still others at different stages of the decline and decay as long as 
there is anything left for them to work in. It is only those, however, 
that enter the wood while it is yet of value for commercial purposes 
that need to be specially mentioned in this connection. Next to the 
one that makes the primary attack, those borers which enter the sound 
wood are probably of the greatest importance. They not only cause 
pin-hole and wormhole defects, which depreciate the value of the lum- 
ber and other products into which the wood of the dying and dead 
trees may be converted, but they give entrance to wood-decaying fungi, 
causing rapid decay of the wood of the standing trees which would 
otherwise remain sound for a much longer period. 

While the injuries by these wood-boring insects are by no means as 
common where there are a great many dead and dying trees as where 
there are only a few, it was found to be suflicient in some sections to 

‘ause, in connection with the wood-decaying fungi, a worthless condi- 
tion of the timber over large areas. Indeed, it would seem from such 
observations as we were able to make that unless the trees are cut 
and converted into lumber, ties, cordwood, or other commercial prod- 
ucts within two or three years after they commence to die, very little 
of value is left. 


SUGGESTIONS FOR PREVENTING LOSSES. 


The limited time devoted to the study of this new insect was not 
sufficient to determine the details in its life history and habits which 
are usually so necessary in the consideration of remedies, but some 
general features were noted, which, in connection with the information 
acquired from special investigations of the closely related destructive 
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pine-bark beetle* of the middle Appalachian region and the spruce- 
destroying beetle” of the Northeast, will warrant, it is believed, some 
suggestions for the prevention of losses. 


METHODS OF COMBATING THE ENEMY AND PREVENTING LOSSES FROM 
ITS RAVAGES. 


When a trouble has been going on six or seven years and has 
reached the magnitude of the one under consideration, it is very plain 
that unless some natural agencies appear to either modify or check it, 
its control is beyond all human effort. On the other hand, if there 
are beneficial influences at work which are reducing the numbers of 
the insect and checking its destructive ravages, there is much that can 
be done toward aiding nature in the suppression and subjugation of 
an unruly species. The evidences found indicate that the latter is true 
in regard to this trouble. While many freshly attacked living trees 
and thickly infested dying ones were observed in different sections of 
the reserve, showing that great numbers of the beetles are at work 
and continuing the trouble, it was plain that the force of the attack 
has from some cause been materially weakened. 


TO REDUCE THE NUMBERS. 


t appears that the pine-destroying beetle of the Black Hills, like 
its Eastern relatives, depends on the trees killed by it for the aug- 
mentation of its numbers and the perpetuation of its power of killing 
more trees. Therefore it is only necessary that the attacking force be 
further reduced to a point where it can no longer overcome the vital 
resistance of the trees on which it concentrates its attack, in order to 
successfully defeat it and secure its extermination. 

The fact that the attacking force of the enemy is already weakened 
from natural agencies suggests that they can be reduced by artificial 
means below their power of killing more trees next season, and thus 
bring the trouble to an end. Therefore the following are suggested 
and recommended as probably the best methods of accomplishing this 
result: 

(1) Determine the location and extent of areas in which trees were 
attacked during the summer and fall of 1901 and the number of trees 
now infested with living broods of the pine-destroying beetle. 

(2) Select those areas in which there are the largest number of 
infested trees and mark the same for cutting. 

(8) Secure, by sale contracts or otherwise, the cutting of these trees 
and the removal of the bark from the infested parts of the main trunks 
and stumps prior to the Ist of May, 1902. The drying of the removed 


® Dendroctonus frontalis (Zimm.) var. destructor Hopk., Bul. 56, W. Va. Agric. Exp. 
Station, 1899. 
» Dendroctonus piceaperda Hopk., Bul. 28 n. s., Div. Ent., U. S. Dept. Agric., 1901. 
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infested bark and surface of the wood will effectually destroy the 
insects. In addition, the logs so treated will be protected next spring 
and summer from the attack of wood-boring insects, and thus be 
almost or quite as valuable for all commercial purposes as if cut 
from living trees. 

It is not necessary that all infested trees in the reserve or those of all 
other infested areas should be thus cut and barked, but it is important 
that a large per cent should be so treated in order to insure a sufficient 
reduction of the beetles to check their destructive ravages. 


SUGGESTIONS FOR PREVENTING FURTHER TROUBLE. 


It is believed that the prevention of further trouble may be effected 
by means of girdled and otherwise treated trap trees, but the best 
method of treating the trees and the proper time or periods to do the 
work remain to be determined. 

No experiments of this kind have been conducted with the rock pine, 
and it is not positively known when the beetles commence to fly or what 
is the period of their greatest abundance or swarms. Therefore it is 
suggested that a special line of experiments be conducted, between the 
1st of May and the Ist of September, to determine the best methods 
of providing trap trees and the best time to do the work to secure the 
desired end, viz, that of attracting the migrating beetles to certain 
trees or sections of the forest, where they can be subsequently 
destroyed by cutting the trees and removing the bark. 


TO PREVENT LOSSES FROM WOOD-BORING INSECTS AND WOOD-DESTROYING FUNGI. 


The evidence found relating to the work of wood-boring insects and 
wood-destroying fungi, which cooperate in effecting a rapid deteriora- 
tion of the trees killed by beetles, suggests that all trees should be cut 
within three or four years after they commence to die, the sooner the 
better, and be worked up into lumber, ties, mine timbers, and cord 
wood, in order to prevent the great loss of valuable products which 
would otherwise follow. Such material, if in excess of the demand 
for immediate consumption, might be stored where it would keep dry 
and be protected from fire. It would thus remain sound for many 
years and serve to supply the demand for material which would 
otherwise have to be drawn from the living timber. 


THE PROTECTION OF LIVING TIMBER. 


Since it is of the greatest importance that the living timber in the 
reserve should be protected and preserved for the heavy demands 
upon its resources which, owing to the vast mining, commercial, and 
other interests, it will be required to meet, the prevention of unneces- 
sary cutting on account of injuries, or alleged injuries, from insects 
should receive special attention. 
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EVIDENCES OF UNNECESSARY CUTTING OF LIVING TIMBER. 


One of the special objects of the investigation was to determine 
whether or not unnecessary cutting of living timber had been done by 
certain contractors who had purchased, at a reduced price, the speci- 
fied ‘*bug-infested” and ** bug-killed” timber. Therefore, upon the 
request of Mr. Pinchot, the writer made a careful study of the con- 
ditions found in an extensive cutting in a ‘‘draw” east of Dead Ox 
Canyon of Big Spearfish Creek. 

Much conclusive evidence was found that a large per cent of the trees 
cut here and worked into railroad ties had been living and uninjured 
by insects when felled. The evidence may be briefly stated as follows: 

All trees that are attacked and injured by the pine-destroying beetle, 
whether in small or large numbers, plainly show the characteristic work 
of the beetles in the bark and on the surface of the wood, as previously 
described (p. 17) and illustrated (Pl. II], fig. 2; Pls. IV, VII). The 
character of the work will also indicate whether or not a given tree 
was living, dying, or dead when felled and the bark removed. The 
operation of scoring, hewing, and barking the ties in this particular 
cutting had evidently followed closely the felling of the trees. There- 
fore the inner portion of the bark and outer or adjoining portion of 
the wood of the scoring chips and the barked surface of the ties from 
‘**bug-infested” and ** bug-killed” trees bore abundant evidence of the 
work of the insect and the condition of the tree when felled, while 
those from healthy living trees, not injured or infested by bark-boring 
insects, showed no traces whatever of the work of the beetle or of any 
other *‘ bug” or insect. 

The records of ties, counted as observed in the woods and examined 
for the work of insects, show that out of 207 ties only 55 bore evidence 
of having been cut from ‘*bug-infested” and ‘* bug-killed” trees, 
while the other 152 bore no evidence of insect work on the barked 
surface, but showed from the condition of this surface that they had 
been cut from healthy, living trees; also that some of the trees had been 
cut in the winter when the sap was down and that others had been cut 
in the spring when the sap was up and the bark would peel. There- 
fore it would appear that a large amount of living timber had been 
cut which it was plainly evident the Government desired should remain 
standing. 


SUGGESTIONS CONCERNING TIMBER-CUTTING CONTRACTS. 


In order to provide or guard against the cutting of living, uninfested 
trees, along with the seriously injured and dying ones, it might be 
suggested that it be plainly stated in contracts and instructions that no 
living tree shall be cut which does not show, in the inner bark next to 
the wood, the presence of large numbers of living insects, of the species 
known as the pine-destroying beetle, or any other insect or insects 
which may hereafter be designated as destructive enemies of the trees. 
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NEED OF FURTHER INVESTIGATION. 


While considerable evidence was found during the time devoted to 
the investigation, there yet remains much to be determined by detailed 
study and experiments relating to the peculiar conditions which bring 
about the invasion of a rare or new insect and the conditions which con- 
tribute to its rapid multiplication and destructive work, as well as those 
which contribute to its decline and sudden disappearance. There are 
also many facts, yet to be determined, relating to the life history and 
peculiar habits of the pine-destroying beetle and other numerous 
enemies of the trees, and the natural enemies of such insects. The 
determination of these facts is very necessary in order to suggest the 
best methods of preventing losses in the future. It will also help us 
to utilize nature’s methods of protecting such of the species as are of_ 
use to man and destroying those that are objectionable. 

Cutting and barking the infested trees this winter would be an exper- 
iment of great importance, not only in its prospects of ending the 
trouble, but in demonstrating whether or not it is a practicable method 
to be adopted under similar conditions in the future. It will also be 
of interest, and probably of considerable economic importance, to note 
the effect that this process of insect destruction will have on the other 
injurious and beneficial insects involved. 

The experiments of girdling, cutting, and treating trees with a view 
of rendering them attractive to the migrating beetles, and thus pro- 
viding traps for them, is a line of work which should receive special 
attention next summer. It would serve to demonstrate, or at least 
indicate, several things which it is quite necessary to know in order 
to adopt successful methods of preventing future trouble from insect 
ravages on the pines of this reserve. It would demonstrate whether 
or not the beetles that emerge from the infested trees which have not 
been cut and barked could be attracted to trap trees; how and when 
the rock pine can be girdled or treated to exert the greatest attraction 
to the principal enemies, and how the insects thus trapped can be 
best destroyed. It would also contribute greatly to the study of the 
life history and habits of the primary and secondary enemies of the 
trees and the enemies of the insects. 

There are other features relating to the kinds of insects and fungi 
that attack trees girdled by different methods, or girdled and felled at 
different times of the year, which should be determined. Indeed, 
there are many and varied subjects relating to the insects of the rock 
pine which should be studied during the progress of the present 
trouble, in order to accumulate data that will be of service in prevent- 
ing and checking future destructive invasions in the pine forests of the 
Rocky Mountain region. 
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Srr: I have the honor to transmit herewith a manuscript containing 
a large number of accounts of insects injurious to vegetable crops, 
which have been drawn up, as a result of his investigations, by Mr. 
F. H. Chittenden, Assistant Entomologist. Mr. Chittenden has been 
devoting himself assiduously to this work for some years, and has 
learned a great deal that is valuable to truck farmers and to economic 
entomologists. I recommend that this manuscript be published as 
Bulletin No. 33, new series, of this Division. 
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PREFACE. 


The present publication comprises a series of articles and notes 
brought together in bulletin form in continuation of work begun sev- 
eral years ago, the earlier results of which were published in Bulletin 
10 of the present series, in the Yearbooks of this Department for 1896 
and 1898, and in several circulars of this office. Bulletin 23 of this 
series was devoted exclusively to the subject of insects injurious to 
garden crops and Bulletin 19 mainly to the same subject. This con- 
tribution is therefore the third bulletin of the series, and is entitled 
**Some Insects Injurious to Vegetable Crops.” 

The various species of noxious insects discussed have, with few 
exceptions, been destructive during the years 1900 and 1901, but a few 
‘ame under observation at an earlier date. The work is therefore, to 
a certain extent, a report on the principal insects which have been 
injurious and whose ravages have been brought to the attention of 
this office as affecting the vegetable crops of the country during the 
past two years. Circumstances beyond the writer’s control have pre- 
vented the publication of thismatter until the present time. 

The initial article treats of the potato stalk weevil, which has been 
very injurious for a number of years but has never received extensive 
notice in any of the publications of this Department; hence, all avail- 
able facts concerning it, together with an original illustration, have 
been brought together. The Northern leaf-footed plant-bug attracted 
more attention during the last two years than ever before in its his- 
tory, and its abundance in the vicinity of the District of Columbia 
enabled a study of its habits and the practical completion of a knowl- 
edge of its life history, the results of which are here given. 

We have to record the appearance of a new insect enemy of carrot, 
celery, and some other umbelliferous crops in this country. The 
insect in question, the carrot rust fly, has been present in Canada since 
1885, but was not known as the cause of injury to any crop plants in 
the United States until the past year, when it occasioned the ruin, of 
6,000 plants of celery on one farm in New York State. The proba- 
bilities are that this species will continue to spread and that it may 
become an important pest; in fact, the most serious drawback to the 
cultivation of carrot, parsnip, celery, and other umbelliferous crops. 
Another insect now holds this distinction. It may be known as the 
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carrot beetle, as it is to carrot that it does most injury, although pars- 
nip, potato, and other root crops and some other cultivated plants are 
subject to its depredations. This latter has been quite prominent in 
recent years, and is therefore deserving of attention. 

Although the beet army worm has been destructive since 1899, there 
are some facts that have been learned in regard to it and its distribu- 
tion and origin that have not been recorded. Since sugar-beet grow- 
ing is Just now engrossing the attention of legislators and farmers in 
many sections of the country, it seems appropriate that as complete 
an article as possible in regard to this, one of the most important 
enemies of beets, be published. Three species of webworms, one of 
them more particularly destructive to the sugar beet, the second an 
introduced and important enemy of cruciferous cropsin the South, and 
the garden webworm, a species of omnivorous habits, have also been 
the occasion of considerable correspondence. 

Several species of insects injurious to cruciferous crops have been 
under observation. Hitherto no account of the red turnip beetle 
has appeared in Departmental publications; hence, an account based 
on injuries in the Northwest is presented. The insect is more par- 
ticularly destructive in the Dominion of Canada, but also inhabits 
the United States, and it seems probable that injuries will increase 
with time. This species is related to the Colorado potato beetle, and 
at any time an outbreak may be apprehended. The cabbage looper, a 
common pest throughout the South, and frequently making its appear- 
ance as far northward as Long Island in destructive numbers, has, 
after an almost complete disappearance, returned to the more northern 
points which it had previously invaded. It is considered in connec- 
tion with two related species, one of which is new as an enemy of cab- 
bage, and the other known as the celery looper. The cross-striped 
cabbage worm, or so-called ‘* cabbage Pionea,” has a similar distribu- 
tion to the common cabbage looper, and an account of it is also given. 
Some shorter notes are presented in regard to some cabbage insects 
whose habits have not been thoroughly studied, as well as some 
observations on insects affecting late cabbage and similar crops, the 
latter article forming the basis for an appeal for clean farming. 

A number of insects injurious to beans and other leguminous crops 
have been prominent during recent years, and four of these, the seed- 
corn maggot, the bean leaf-roller, the pea moth, and the bean cut- 
worm, are the subjects of articles. The remaining species are treated 
in an article comprising many subjects. It should be mentioned at 
this point that the destructive green pea louse continued its ravages 
during 1900, extending its depredations in the West particularly; but 
as this species has been given much attention by entomologists in 
Delaware and Maryland, the writer’s notes are withheld. What there 
was that seemed desirable for early publication was brought out in the 
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form of a circular. It should be added, however, that injury during 
1901 was very light, although some damage was done over small areas. 

The season of 1900 was rather remarkable for irruptions of different 
forms of flea-beetles in various portions of our country, several species 
doing very considerable damage, in some cases unprecedented. 

Assistance has been rendered in the preparation of this bulletin by 
the writer’s associates, which is duly credited in its proper place: but 
it should be especially mentioned that Mr. F. C. Pratt assisted in the 
collation of the literature of many of the species treated. Credit is also 
due to Mr. Th. Pergande for some of the notes, and particularly the 
rearings made in earlier years, nearly all of those of a later date hav- 
ing been conducted by the writer. Twenty-six of the figures which 
illustrate this bulletin have been drawn by Miss Lillie Sullivan, under 
the writer’s personal supervision, from selected and fresh material 
wherever this was obtainable. 

F. H. Cuirrenpen. 


SOME INSECTS INJURIOUS TO VEGETABLE 
CROPS. 


THE POTATO STALK WEEVIL. 
( Trichobaris trinotata Say.) 


One of the important insect enemies of the potato, and a common 
species almost everywhere east of the Rocky Mountains and south of 
New England, is a little gray weevil, whose larva works normally in 
the stems of wild Solanacez, such as horse nettle, ground cherry, and 
jimson weed, in most fields where these plants are allowed to grow. 

The habits of this insect and its manner of attacking potato have 
been known for half a century, the first instance of injury having been 
noticed in 1849 near Philadelphia, Pa. Since that time the injuries 
inflicted by it to potato have attracted considerable attention, periodi- 
cally and locally, especially during the last decade, and there is reason 
to believe that it is often present and doing damage, though unde- 
tected, in potato fields, where the insect itself has never been seen. 
Its habit of living within the stem in its larval condition, and the 
small size of the beetles, together with their habit of dropping from 
the plants when disturbed, is accountable for injury by the species so 
often escaping notice. Hence it happens that, although a pest of 
long standing, the insect is unknown to many potato growers. 

During 1900 this species was reported to have done injury near 
Philadelphia, Pa., and South Holland, Ill., and to have been quite 
prevalent in Maryland on potato; but injury was without doubt much 
more extensive than reported. In 1901 the potato crop of Sheridan 
County, Nebr., was nearly ruined by this insect, and it made its initial 
appearance in Canada, doing much damage on Pelee Island. 

In earlier years more or less damage to the potato crop was com- 
mitted in other portions of Nebraska, Illinois, Pennsylvania, and 
Maryland, as well as in Kansas. 


DESCRIPTION. 


The beetle.—The adult potato stalk weevil is a Small ash-gray weevil, 
or snout-beetle, of the family Curculionide. Its real color is black 
throughout, but its surface is covered with minute gray scales, which 
give ita nearly uniform gray appearance. The head, however, appears 
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black. and there are three black impressed spots at the base of the 
elytra or wing covers—one scutellar and two lateral—from which the 
insect has derived its Latin name, ¢77notatu. The rostrum or snout is 
robust and rather strongly curved, and the antenne, like those of other 
Curculionids, are elbowed and clubbed at the ends. The body is oval 
and somewhat depressed or flattened above. The male is credited with 
being generally larger than the female—something rather unusual in 
insects. The length is about one-sixth of an inch (3 to 4.5") and the 
width less than half that (1.2 to 1.75"), 
The beetle is shown in the accompanying 
illustration (fig. 1, «). 

The egg is of the usual white color and 
oval form seen among the Rhynchophora, 
and, according to the measurements of 
Faville and Parrott, is about 0.6™" in 
length and 0.4"™ in width. 

The larva, or grub, as it appears when 
first hatched from the egg, does not ap- 
pear to have been described. It is, how- 
ever, whitish at this stage, and without 
feet. When full grown it is remarkably 
elongate in form, about eight or nine 


Fic. 1.—Trichobaris trinotata: a, beetle; 
b, larva from side; c, pupa; d, section times as lone as wide, with small circular 


of potato stalk opened to show larva 2 Were Pe * ; 1 : i eens, 
sill sani. tb addin = PRES Mane eis pale-brown head, the whole having the 


natural size, d, natural size (original.) appearance shown at? (fig. 1). It reaches 
a length of about two-fifths of an inch 
(9 to 11™™"), and is only moderately curved when in natural position in 
the stems. Instead of legs these larvee are provided with feebly defined 
thoracic leg pads. The color at this, as in the pupal condition, varies 
from nearly white to rather bright yellow, the color in one instance, 
in an individual taken from the root stem of Solanum carolinensis, 
being of a decidedly rosy or light pinkish hue. 

The pupa \ooks like that of other weevils, and presents no very 
noticeable features for description. A ventral view of a pupa is shown 
at ¢ (fig. 1). At da larva and pupa are figured natural size within an 
opened stalk of potato. 


DISTRIBUTION. 


The potato stalk weevil is rather generally distributed throughout 
the Carolinian and Austroriparian regions. Northward the limit of 
injurious occurrence was reached in Pennsylvania and New Jersey in 
the East, and in Illinois and Iowa in the West; recently, however, the 
species has become a pest in Canada. Southward the insect is found 
to Florida and westward to Texas. A list of localities follows: 

Titusville, Little Silver, Freehole, Hopewell, New Brunswick, and Trenton, N. J.; 
Yorkana, Germantown, Westchester, Pawling, Philadelphia, Allegheny, and Pitts- 
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ville, Pa.; Newark, Del.; Belair, River View, Cabin John, Marshall Hall, Green- 
wood, and Baltimore, and Howard, Washington, and Montgomery counties, Md. 
(Johnson); Rosslyn and Deep Creek, Va.; District of Columbia; North Carolina; South 
Carolina; Kentucky; Wayne, Cobden, Anna, Carbondale, and Normal, Ill.; Kansas 
City, Kirkwood, and Cadet, Mo.; Fort Scott, Onega, Wilder, Topeka, Fairmount, 
Edwardsville, Manhattan, Lawrence, and Connor, Kans., well distributed over the 
eastern part of the State; Ames, Adel, Davenport and Marcus, and Polk and Boone 
counties, lowa; Omaha, Albany, and elsewhere in Nebraska; Cincinnati, Aberdeen, 
and Gallipolis, Ohio; Detriot, Mich.; Key West and Jacksonville, Fla.; St. Anthony 
Park, Minn. (Lugger); and Pelee Island, Canada. 

Nore.—In the southwest this species is replaced by a few others of the same genus 
and of very similar appearance and habits, but not injurious to the same extent. One 
of these, 7. mucorea Lec., iscommon in Arizona and southern California; and 7. tecana 
Lee. is a well-known form in Texas, New Mexico, and Colorado. 


Fic. 2.—Hydrecia nitela: a, female moth; b, half-grown larva; c, mature larva in injured stalk; 
d, lateral view of abdominal segment of same; ¢, pupa—all somewhat enlarged (original). 


T. compacta Casey, according to Cockerell, breeds in Datura meteloides, and is 
common in the Mesilla Valley of New Mexico. It has not been reported to damage 
potato, perhaps because this vegetable is not much grown in that State. Without 
doubt all the species of Trichobaris feed on Solanacez. 

The potato stalk weevil is also known as potato stalk borer, and several other 
species of insects, the larvee of moths resembling those which produce cutworms, 
are sometimes known by the same name. The most common species (in literature) 
is Hydrecia (Gortyna) nitela, known as the stalk borer, heart worm, etc. An equally 
common species in some localities which has practically the same habits is known as 
Hydrecia nebris Guen. 

Even as late as 1897 Hydrecia nitela was referred to as the potato stalk borer, and 
as doing injury to potatoes in western Maine, damage being due to the larva’s boring 
into the pith of potato stalks, causing them to wilt. It will thus be seen that although 
the stalk weevil and the stalk borers are entirely different, belonging to different 
groups, they do injury in a similar manner, and are therefore apt to be confused 
by those not thoroughly conversant with them. We present a figure of the species 
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of stalk borer under consideration which will serve as a fair sample of this group. 
The moth (fig. 2, a) is medium brown in color, and marked as shown. The young 
larva is quite peculiar in having the first three or four abdominal segments suffused 
in such a manner as to give the insect the appearance of being diseased (see b). The 
larva when mature has more or less the appearance shown at c, which, however, will 
answer almost equally well for other species of the genus. Careful comparative study 
is necessary in order to establish the differences between these species in their larval 
stages. An abdominal segment of Hydrecia nitela in the larval stage is shown at d 
(fig. 2), while at e is shown the female pupa or chrysalis. This insect was reported 
during 1901, by Mr. F. M. Webster, as having done much injury to wheat and carnations 
in portions of Ohio. It is to be regretted that several other species are undoubtedly — 
confused with this insect because of their great similarity in the larval stages. The 
writer, as well as Mr. Pergande, of this office, has reared the moth from the stalks of 
common pigweed (Ambrosia trifida), and there is no doubt of Harris’s record of injury 
by this species to corn. It is credited with having done injury to the stalks of tomato, 
spinach, cauliflower, eggplant, pepper, dahlia, aster, lily, spireea, salvia, thistle, 
milkweed, pigweed, ragweed, smartweed, cocklebur, and castor bean; and to the 
twigs of blackberry, currant, apple, and peach, as well as to wheat and corn. 


RECENT INJURY. 


During 1897 Messrs. Kirkpatrick & Son, Connor, Wyandotte 
County, Kans., sent specimens of the larve of this weevil in potato 
stems, writing July 2 that about one-fourth of the vines at that place 
were affected, and other fields looked to be over half destroyed. 
Larvx were found in vines that looked to be perfectly healthy. To 
find the insects it was necessary to pull the vine and split it open. 
September 8 of the same year specimens of this species were received 
from Mr. George W. Pickering, Wayne, Du Page County, Ill., with 
the statement that they had been found inside the stalks of potato. 

In 1898 Mr. Pickering again sent specimens, July 5 and 30, of larvee 
in the stalks. Some presented foliage partly dead, while others which 
were also inhabited by this insect showed no evidence of infestation. 
Some hills of potato yielded but few tubers, while others contained 
anormal yield. It was noted that the infested stalks generally pull 
easily and break off just below the surface. They appeared rather 
rusty as a rule, and some had what appeared to be a’ fungus-like 
excrescence at the bottom of the stalk. 

During 1900 Mr. Samuel Carter, Philadelphia, Pa., sent larvee 
within the stalks of potato, with accompanying information, under date 
of August 15, that this species infested the whole potato crop of that 
vicinity. He expressed the opinion that the crop was an entire failure, 
the yield being just about one-eighth of what it should have been. 

During 1901 a single report of injury by this potato stalk weevil 
reached this oftice. This was made in December by Mr. James Egan, 
Albany, Nebr., who stated that the potato crop in Sheridan County 
had been nearly ruined by this insect. Mr. G. W. Pickering, who 
reported injuries in Illinois in 1897 and 1898, stated that since that 
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time the insect had done no damage, although he had looked for injury 
inhisvicinity. A gentleman of hisacquaintance, who had raised potatoes 
in one of the potato districts of Pennsylvania, said that this species, 
as a rule, had little effect on the general crop there. Mr. H. M. 
Kirkpatrick, who reported injury in 1897, stated that no further dam- 
age had been noticed in Wyandotte County, Kans. 

From Mr. Edwin Taylor, Edwardsville, Kans., was received infor- 
mation that this species had been present in that vicinity for a good 
many years, but that it had never injured the potato crop seriously. 
Writing December 23, 1901, he stated that this insect was less observed 
that year than usual. 

From the above and other sources of information it would seem 
that this species is unusually periodical, and injuries are generally to be 
attributed to the growth of potatoes on or in the vicinity of land that 
has been permitted to run to Solanaceous weeds, nearly all of which 
furnish food for the potato stalk weevil. A list of these will be fur- 
nished later on in the present article. 


EARLIER DIVISIONAL RECORDS. 


August 1, 1884, vines containing this larva were received from Mr. 
Richard B. Taylor, Westchester, Pa.,with the statement that this borer 
had destroyed two-thirds of his potato crop (Ann. Rept. Com. Agr. 
for 1884, p. 411). September 6, 1892, Miss Mary E. Murtfeldt reported 
the rearing of this curculio from Solanwm carolinense at Kirkwood, 
Mo. (Insect Life, Vol. V, p. 135). July 20, 1893, larvee of this species 
were received from Mr. H. Still, Deep Creek, Va., found boring in 
the stems of eggplant, with the statement that the plants were dying 
by the hundreds daily. August 5, 1895, Mr. W. T. L. Taliaferro, 
Belair, Md., sent larve in stalks of potato. August 26, 1896, we 
received larve and sections of potato stalks killed by this species 
from Mr. G. C. Brown, Yorkana, Pa., who stated that the insect 
was new to that locality so far as injuries were concerned. <A few 
other records of injury have been published in the columns of Insect 
Life and in bulletins of the Division of Entomology. 


LITERATURE AND HISTORY OF THE SPECIES. 


The potato stalk weevil was first described as Baridius trinotatus, 
in 1831, by Thomas Say (Descr. N. Am. Curculionides, ete., p. 18). 

In the year 1849 this insect attracted some attention by its ravages 
in the vicinity of Germantown, Pa., and Camden, N. J., as related by 
Miss M. H. Morris, in a communication published in the American 
Agriculturist of the following year (April, 1850, Vol. LX, pp. 118, 
114). The account in question, which is the first that was published 
concerning this insect, is headed ‘The Potato Curculio,” and is erro- 
neous in some particulars, owing to the fact that the disease known as 
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potato rot was attributed to this insect, on which assumption it was 
stated that the ravages of the weevil were traced from Mexico to 
Maine. The description of the egg and oviposition is wrong, the eggs 
being described as bright red instead of white in color. During the 
same year Harris published in the New England Farmer (June 22, 
1850, n. s., Vol. II, p. 204) a short account of this species, quoting 
freely from Miss Morris, entering somewhat into detail to show that 
it was probably not the cause of the disease of potato. Harris is cred- 
ited with publishing two more accounts of this species in the next 
year, but they appeared in popular publications, now inaccessible, 
which is true of a large proportion of accounts of this insect published 
by other persons. The writer bas references to about 60 communi- 
cations in regard to this weevil, for the most part short notices of injury 
and brief general accounts, usually compiled, and containing nothing 
original or of value otherwise. For this reason mention will be omitted 
of many of them. In Harris’s Insects Injurious to Vegetation a brief 
popular account is given, based as before on Miss Morris’s writings. 
A short general account was published by Walsh and Riley in 1868 
(Am. Ent., Vol. I, p. 22), with illustrations of the insect in three stages, 
and a similar account by Riley, followed in his First Missouri Report, 
published in 1869 (pp. 94, 95), with mention of the insect’s injurious 
occurrence in Missouri the previous year. 

Several accounts of little consequence followed during succeeding 
years until 1890. During that year the insect became troublesome in 
the State of Iowa, and was the subject of study by Prof. C. P. Gillette 
(Bul. 11, Iowa Agr. Exp. Sta., pp. 490-492). In this account it is 
stated that this:weevil was one of the worst insect pests of the season, 
and the estimate was made that hal? a million of dollars would prob- 
ably fall far short of making good the loss that it occasioned to the 
potato crop in the State of Iowa alone. Two years iater the insect 
was again very injurious in Iowa, as reported by F. A. Sirrine (Bul. 
19, Iowa Agr. Exp. Sta., pp. 589-594). Considerable is added to our 
knowledge of the insect and its wild food plants in this last account. 
In 1893 it was reported to be injurious in Virginia, New Jersey, Lowa, 
and Ohio. In 1894 this weevil is mentioned by R. C. Schiedt (Report 
Penna. State Board of Agriculture, 1894, p. 194) as one of the worst 
insect pests of that year in Pennsylvania. The same year it attracted 
attention by its ravages in New Jersey, and was studied by Prof. 
J. B. Smith, the result taking form in an eight-page article pub- 
lished originally in Bulletin 109, New Jersey Agricultural College 
Experiment Station (pp. 25-32). This account includes three original 
illustrations. The following year this weevil was even more wide- 
spread in New Jersey than in 1894 (Annual Report N. J. Agr. Col. 
Exp. Sta. for 1895, p. 390). 

During 1896 the potato stalk weevil was quite troublesome in Mary- 
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land, and was briefly reported by Prof. W. G. Johnson (Bul. 57, Md. 
Agric. Exp. Station, p. 5). During that year serious damage was 
done to the potato crop in Kansas, with the result that the insect 
was given special study by Messrs. Faville and Parrott in a 12-page 
leaflet (Bul. 82, Kansas State Agric. College Exp. Station). This 
isa very full account and includes 15 illustrations. A short summary 
of this article was published as Press Bulletin 19 in December, 1808, 
and republished in Bulletin 86 (pp. 35-37). Injury was also inflicted 
the same year in Pennsylvania, complaint having been made at Pawling, 
in the vicinity of which place infestation was stated to have been 
evidently quite general (2d An. Rept. Pa. Dept. Agr. for 1896 [1897], 
pp. 361-363). 

In 1897 the potato stalk weevil was reported as doing much injury 
in Baltimore County, Md. (Bul. 9, n. s., p. 81). 

In the Rural New Yorker for August 27, 1898, correspondence is 
published, with answer by Mr. Slingerland, concerning the occur- 
rence of this species in potato vines at Pittsville, Pa., that year. 
Owing to its extensive depredations in the potato fields in northeast- 
ern Maryland, especially in Harford County, during 1898, an account 
by Prof. E. Dwight Sanderson was published in the National Stock- 
man and Farmer for December 8, 1898. 

During 1899 no reports of injury came to the writer’s attention. 
Moreover, the species was rare wherever sought for in the vicinity of 
the Distrit of Columbia. 

In the Rural New Yorker for August 11, 1900 (p. 544), a short note 
is published on the occurrence of this species at South Holland, IIl., 
where it had injured nearly every stem of potatoes, destroying about 
half the crop. An answer by Mr. Slingerland accompanied this note. 

In Dr. Fletcher’s report as entomologist and botanist for the 
experimental farms of Canada (p. 234, 1902), he makes mention of 
the occurrence of this species for the first time as a Canadian insect. 
The report is on the authority of Professor Lochhead, and is in brief 
that many vines were completely destroyed by the potato stalk weevil, 
present in all stages in September, at Pelee Island. It was stated 
that the island exported 30,000 bushels of potatoes the previous year, 
but in 1901 it would have no more than enough for its own consump- 
tion and none to spare. This report is followed by a short general 
account of the insect, with remedies. 


NATURE OF INJURY; FOOD PLANTS. 


Frequently, more often perhaps than not, injury by this potato 
pest is attributed to drought or blight. It is more conspicuous in sea- 
sons of prolonged drought and most severe on early varieties of potato. 
The undermining of the stalks of potato by the larve causes them to 
wilt, and the wilting and the dying of the leaves is the first and only 
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outward manifestation of attack. When the insects are present in the 
field it is often stated that the plants are ‘‘blighted.” The diseases 
of potato, particularly one caused by bacteria, are apt also to be mis- 
taken for the work of the weevil, as in both cases the leaves look as 
if sunburned, particularly after the vines have been affected for some 
time. Not infrequently the field will be found to suffer from the com- 
bined effects of dry weather, disease, and stalk weevil. To detect the 
presence of the weevil it is only necessary to cut open the infested 
stalks, when the insect will be found in some stage in the pith. The 
weevil’s presence is generally shown first in the withering of the lower 
branches, but in dry, hot weather the whole plant may be affected. 

The beetles feed on the leaves of potato and other Solanacez, but 
do no appreciable injury in this stage. 

This insect attacks, in addition to potato, nearly all of the Solanaceze ~ 
growing wild within its natural range. The list of food plants includes, 
besides potato, eggplant (Solanum melongena), horse nettle (S. caro- 
linense), bull nettle (S. rostratum), jimson weed (Datura stramonium), 
purple thorn apple (2. tatula), ground cherry (Physalis longifolia, 
philadelphica, lanceolata, heterophylla, and virginiana vay. ambiqua). 
According to Faville and Parrott this insect also attacks cocklebur 
(XNanthium canadense). Tobacco and tomato appear exempt. 

The presence of a single larva in a potato stalk is not sufficient to 
injure it to any extent, although it must have a weakening effect, but 
when many larve occur in the same stalk destruction is complete. As 
many as 5 or 6 individuals may sometimes be found in a potato stalk, 
and 8 have been observed in the stems of a ground-cherry plant. 


LIFE HISTORY. 


The beetles have been observed in the vicinity of the District of 
Columbia as early as May 20 on wild Solanum and Datura, which at 
that time were only 2 or 3 inches high. It seems probable that the 
beetles seldom put in an appearance earlier than the middle of May, 
as the plants are scarcely far enough advanced before that time for 
food. Pairing was noticed a few days afterwards, and oviposition 
probably begins normally before the end of the month of May, although 
farther north it does not commence until June. The female weevil 
deposits her eggs singly, in small slits or holes about one-twelfth of an 
inch in length, made in the stalks of the insect’s food plants and occa- 
sionally in the branches. In about a week or ten days. according to 
temperature, the larva hatches from the egg and begins to feed by 
making small channels, which increase in size with the growth of the 
insect, downward toward the bases of the stalks. After working down- 
ward for a distance—usually to the roots—the larva turns about and 
begins the enlargement of the old channel fora portion of the way 
upward. The undermining of a stalk by the tunneling of several 
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larvee has the effect of impairing the vitality of the plant and causing 
the leaves to wilt and die. Upon attaining full growth the larva 
makes a cell of castings and woody fibers in which to transform to 
pupa and ultimately to adult. The pupal stage varies from eight to 
eleven days, according to temperature. In the District of Columbia 
the pupal period was passed in nine days in warm August weather; 
larve have been noted to obtain full growth by the second week of 
July, and imagos of the new generation have appeared as early as 
July 24. In more northern localities development is slower, the 
beetles seldom appearing before August and maturing as late as Sep- 
tember. The pupal cells may be constructed in any portion of the 
stem, but are preferably placed near the roots, where the stalk is 
firmest and where the beetles will be best protected during their hiber- 
nation. All beetles mature by September and hibernation is there- 
fore always as a beetle, and the knowledge of this fact is of value in 
the control of the species, as will presently be fully explained. 


NATURAL ENEMIES. 


The potato stalk weevil is subject to the attack of a small dark-col- 
ored four-winged parasite fly known as Siglaphus curculionis Fitch, a 
well-known hymenopterous enemy of the plum curculio. <A species of 
chalcis fly was reared at this office from material received in 1896 from 
Yorkana, Pa. The larve, according to Professor Gillette (Insect Life, 
Vol. ILI, p. 247), sometimes fall a prey to wireworms. Messrs. Kirk- 
patrick & Son, previously mentioned in connection with recent injury, 
sent the larva of Drasterius amabilis July 2, 1897, with the statement 
that several of these wireworms were icc in the stems of potato 
that had been infested by the weevil. 


REMEDIES. 


The potato stalk weevil is not a difficult insect to deal with. About 
the only remedy that is necessary is to pull up infested vines as soon 
as they commence to wilt and show evidence of attack, and spread 
them out so that they will be exposed to the sun and will dry and thus 
prevent the escape of the insects which they contain. Then all stalks 
in infested fields should be burned as soon as the crop is off. By thus 
destroying the weevils the crop of insects for another year will be 
greatly lessened. In connection with this remedy it is also advisable 
to keep down all Solanaceous weeds which serve as breeding places for 
this and other insects and are therefore a standing menace to the culture 
of potatoes. The time for the destruction of the weeds is in July, 
after they have attracted the hibernated beetles to them for egg laying, 
_or any time thereafter before the seeds are ripe. For perfect success 
in this treatment of potato fields, the cooperation of neighboring farmers 
is essential. 
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A liberal use of fertilizers in an infested field will often aid the 
injured plants to recuperate from insect attack. Unfortunately, injury 
is not apt to be detected until it is far advanced and the plants begin 
to die. As soon, therefore, as a plant shows weakness its stalk should 
be split open to ascertain the cause. 

It should be remembered that early potatoes are more subject to 
injury than later ones, and that the latest varieties are practically 
exempt from injury. 


THE NORTHERN LEAF-FOOTED PLANT-BUG. 
( Leptoglossus oppositus Say. ) 


During the season of 1900 this injurious species of plant-bug occurred 
in great abundance in and about the District of Columbia, and was 
also reported to be troublesome in Arkansas, Missouri, and Oklahoma. 
After the publication of the writer’s first article on this insect (Bul- 
letin No. 19, n. s., pp. 44-46), it was brought to his attention, first by 
correspondence and afterwards by observation, that the species of 
Leptoglossus subsist in all their stages preferably upon the fruit of 
the plants subject to their attack. The first intimation of this fact came 
from correspondence with Mr. Henry J. Gerling, St. Charles, Mo., 
who wrote under date of August 8, 1899, that Z. oppositus was attack- 
ing the fruit of cucumber and the fruit and buds of nest-egg gourd in 
his vicinity. When first observed the nymphs were about a quarter 
of an inch long and blood-red in color. After they had pierced the 
fruit, a waxy secretion exuded from the wounds, such exudation often 
showing all over the fruit affected. 

We have now, as a result of recent investigation, a knowledge of the 
full life history of the species, which will be presented in detail. 


INJURY DURING 1899 Aanp 1900. 


Damage by this plant-bug to gourd and cucumber at St. Charles, 
Mo., in 1899 has already been mentioned. The fruits or vegetables 
from which our material was obtained were said to be literally coy- 
ered with the insects. September 13, 1899, Mr. F. C. Pratt observed 
attack to the fruit of cucumber at Alexandria, Va. September 25 we 
received from Mr. Thos. I. Todd, Athens, Ga., specimens of nymphs 
in different stages, with the report that this insect was injuring the 
stems of young watermelon. 

In 1900, Mr. H. Guibor, House Springs, Mo., sent the young of this 
species, June 14, mostly in the second stage of the nymph, but with 
one in the third stage, with the report that they were attacking the 
fruit of pear. June 25, Mr. John G. Bauranel, Clarksville, Johnson 
County, Ark., sent specimens with the statement that this plant-bug 
was preying upon peach and cantaloupe in that locality. Peaches, 
when ripe, were sometimes found full of imperfect spots, manifested by 
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a roughening of the skin. When peeled a dark, circular spot caused 
by the puncture of this insect, which our correspondent likened to the 
perforation of an awl, could be seen. The insects were present in 
great numbers on the peaches, quietly sucking the juice. Cantaloupe 
vines would appear to be perfectly healthy in the morning, and perhaps 
by noon would be wilted and dying, although roots and stems appeared 
to be sound. Specimens of this species were observed about the middle 
of July, and Mr. Otto Heidemann, of this office, states that he saw 
nymphs of a related species still earlier. July 25, Rev. Fred M. 
Dickey, Deanewood, D. C., stated that he had recently observed the 
insects 7m copula on his plums and cherries. July 30 a considerable 
number of insects were received from the last mentioned locality, 
some in copulation when received. August 3, Mr. August Busck 
reported this species very abundant on peach trees in the District of 
Columbia, most of the specimens captured having been found paired. 
From the date just mentioned to August 16, Mr. Pratt observed this 
plant-bug on three occasions at St. Elmo, Va., on stalks of corn where 
no other crop was growing and on August 27 he found numerous indi- 
viduals puncturing tomatoes. There were several colonies at work 
and the majority of the individuals were in the third stage of the 
nymph. In the first week of September Mr. Pratt noticed that much 
injury was being done to seed cucumbers, many plants being com- 
pletely covered with the bugs in their various stages. The following 
week the saine observer found the insect doing some harm to cymlings, 
near Deanewood. 


OCCURRENCE DURING THE SEASON OF 1901. 


During 1901 this plant-bug came under frequent observation, more 
especially by Mr. Pratt at St. Elmo and elsewhere in Virginia. He 
noticed it on pear, plum, and peach attacking the fruit; he also saw it 
puncturing corn in milk and tomatoes, and he states that it was as 
common as in 1900 on cantaloupe and other cucurbits. September 20, 
Mr. John 8. Seibert, Cumberland, Md., sent specimens of the nymph 
in the last stage, with the information that they were puncturing the 
fruit of hazel nut, transmitting at the same time nuts showing punc- 
ture scars. 

This insect is accused of more injury than the mere puncturing of 
fruits. There is no doubt whatever that in feeding it injects a certain 
liquid, the same as or similar to that which is secreted by the common 
squash bug, and that this poisons the plant, causing the fruit to be 
distorted or checking its growth. It has also been accused of being a 
transmitter of fungus diseases of pear and other fruit trees. It seems 
quite probable that this is the case, although further observations are 
necessary to settle the matter. It was reported too late in the season 
for careful investigation. 
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Aside from their preference for fruit as food, the species of Lepto- 
glossus very closely resemble the squash bugs (Anasa) in many of the 
details of life economy. The eggs are of similar color and net-veined 
like those of Anasa, but are of different shape and deposited length- 
wise instead of in somewhat irregular masses. During the early 
stages of the nymph the predominating color is red, but in the last 
stage the close resemblance to Anasa is quite evident. In the length 
of the stages of the life cycle the two genera do not appear to differ. 


THE EGG AND OVIPOSITION. 


The eggs are laid in the same manner as those of Z. phyllopus, in 
single rows or chains along the stems or leaf-ribs of the plants upon 
which the insects feed. They evidently differ in coloring from those 
of phyllopus, however, all that have 
been observed being pale bronze to 
dark bronze-brown, none of them 
golden. The eggs are semicylindrical, 
looking from one end, as shown in 
figure 3, c, and are rather strongly 
flattened on the lower surface, where 
attached to a plant. The outline, as 
seen from above, is short oblong, the 
eggs being placed so close together end 
to end that they form what appears to 
be a stiff, cylindrical rod, of which 
each egg is a joint or cell. At one end 
Fic, 3.—Leptoglossus oppositus: a, mature. Of the egg, covering a little; more than 

bug; }, string of eggs; ¢, egg fromend; half of the distance from that extrem- 

d, sculpture of egg; e, egg fromside, , - - 

showing opening from which young ity to the other, there is ‘a eircularares 

has escaped—all except d about twice with a surrounding circle of light color 

natural size (original). A , > 
and bearing a transverse curved row of 
from 4 to 6 elevated points. This circular area comes off like a trap- 
door (ce) for the issuance of the young. Under a microscope of mod- 
erately high power the entire surface is seen to be finely reticulate, 
with rather regular pentagonal and hexagonal areas (7). The length 
of an egg is about 1.4"", and the width 1-1.15"", the height being 
a trifle less. A chain of eggs is shown at 4 (fig. 3), and the sculpture 
of an egg at d. Chains vary in length from those having half a dozen 
egos, and measuring about three-eighths of an inch, to others having 
26 eggs and measuring 1} inches in length. 


THE NYMPHS. 


The nymphs when first transformed have the legs and antenne rose- 
colored, the body pale orange-red, the eyes reddish or reddish-brown. 
The ground colors change, in all except the fifth stage, to brighter 
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orange or vermilion with dark-brown or black legs and antenne, 
while the amount of black on other portions of the body increases 
with each successive molt." 

First stage.—The nymph when first hatched from the egg is pale 
coral red in color, with long, dark brown or nearly black legs, the 
proximal half of the antenne being of the same color and the remainder 
pale coral, becoming darker soon after hatching. The antenne and 
legs are of nearly equal length, about one-fourth longer than the body 
(with the head). The rostrum, which is kept closely folded under the 
body when the insect is not feeding, is of the same color as the legs 
and about three-fourths as long as the body. The posterior portion 
of the body is sparsely tuberculate, the arrangement being as shown 
in the accompanying illustration (fig. 4) at a. The legs and antennz 
are clothed with svarse short black hairs. The tibiee of the hind legs 


Fic. 4.—Leptoglossus oppositus: a, nymph of first stage; b, second stage; ¢, third stage; d, fourth stage; 
e, fifth stage—all about two and one-half times natural size (original). 


show no evidence of the expansions which appear in later stages. The 
length of the body when first hatched is about 2.3", and the width is 
about 0.8™™". : 
With the casting of the first skin, the nymph takes 
on a more elongated appearance generally, the head, body, antenne, 
and legs all being longer and more cylindrical, while the tubercles 
become more pronounced. ‘The two dorsal abdominal tubercles and 
the anal extremity become black, and a pair of minute tubercles 
usually show just behind the pair back of the hind legs. The hind 
tibis shows slight evidence of enlargement. Length when fully 
matured, 6™". This stage is illustrated at d, fig. 4. 

Third stage.—Superticially this stage (fig. 4, c) looks but little different 
from the second. The thorax is longer than the head, the black por- 


Second stage. 


“The differences between the nymphs of this species and of L. phyllopus are not 
nearly so marked as in the two cucurbit-feeding Anasas, tristis and armigera. 
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tions of the body are darker and more conspicuous, and the abdominal 
tubercles more prominent. The antenne and legs are wider, the latter 
with the lateral tibial expansions just beginning to show, being now 
about the same width as the tibia itself, and without teeth. The 
tubercles are larger, but the dorsal spines are scarcely longer than in 
the second stage. The haustellum immediately after the molt projects 
beyond the abdomen to a distance about equal to the length of the 
head. Length of body just after molt, 6". 

Fourth stage.—TVhe appearance of this stage is shown at d, fig. 4. 
The antenne, hind legs, and body are subequal in length, the haustel- 
lum a little shorter when first transformed, the width of the body at 
this time only a little over 2"", becoming about 3.5"™ before the next 
molt. When ‘‘ full colored” the body is of about the same appearance 
as in the third stage, but the red ground color becomes lighter and 
duller orange before molting, while the black coloring extends farther. 
The wing pads are bronzy black, occupying more than half the thorax; 
the tibie each marked with a whitish band just below the middle; 
lateral expansions about two-thirds wider than tarsi, with one more or 
less feebly marked lateral tooth toward apex. Length when first 
molted, 9™™. 

Fifth stage.—This stage is illustrated at ¢, fig. 4. With the casting 
of the fourth skin the nymph begins to show the appearance of the 
mature bug; the antenne and legs are still shining black, the latter 
yellowish at the extreme apex, and the tarsi have each a whitish band, 
as in the preceding stage. The lateral expansions are several times as 
broad as in the preceding stage, strongly bidentate on the lateral sur- 
face, and rather feebly unidentate on the inner portion, which is 
marked with a medial white spot. The head and body are black, 
thickly covered with gray pubescence, thickest on the head. The 
prothorax is narrower at the apex, where it is of about the same width 
as the base of the head, and broader than the thorax at the base; the 
sides are nearly straight, with wide orange margin. Just behind the 
apex of the thorax there is a pair of small, rounded orange tubercles 
placed rather closely together. Length when first molted, 11™". 

The adult.— A full description of the mature insect has been given 
by the writer in the article previously mentioned (p. 45), but for the 
benefit of those who may not have opportunity to refer to that deserip- 
tion it may be stated that the parent insect is a large, chocolate-brown 
heteropterous bug of the same family as the squash bugs, the Coreidex, 
from which insects it may be readily distinguished by its more slender 
form, acutely pointed head, and longer antennz and legs, but more 
particularly by the leaf-like expansion of the hind legs (see fig. 3,q). 
The length is 18 to 21", and the width across the thorax 5 to 6™, 
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DISTRIBUTION. 


Leptoglossus oppositus is Austro-riparian in distribution, although it 
extends about halfway into the Carolinian region and sometimes even 
farther north, such occurrence, however, in the writer’s opinion, being 
rare and in some cases perhaps accidental. With recorded distribu- 
tion and the localities furnished during the year, we know that this 
species occurs in Georgia, Texas, Arkansas, Missouri, Indian Terri- 
tory, North Carolina, Virginia, Maryland, District of Columbia, Ken- 
tucky, Indiana, New York, and New Jersey. In the last-mentioned 
State it is recorded from Shiloh in September, and it was captured on 
Staten Island, New York, in October, by Mr. W. 'T. Davis. 


LIFE HISTORY AND HABITS. 


The life cycle.—TVhe life history of this plant-bug, as previously 
intimated, practically duplicates, as regards the length of the different 
stages, that of our two common species of Anasa, ¢77/st/s and armigera. 
Eges that were deposited in extremely hot weather in early August 
produced nymphs in eight days and the first molt of the nymph took 
place in three days. 

The nymphs do not thrive in confinement as well as do those of the 
species of Anasa, and the working out of the periods of the different 
stages would, therefore, have been laborious. Assuming the periods 
to be practically identical, we have the egg stage eight days, the first 
nymph stage three days, as previously ascertained, and can surmise 
the second and third nymph stages to be five to seven days each, the 
fourth five or six days, and the fifth seven or eight days, the minimum 
period of the entire life cycle probably being about five weeks, and 
the maximum seldom more than six weeks, except in the case of some 
ot the late broods which occur in the fall. 

As with Anasa, there is only a single generation produced each year, 

The first appearance of this plant-bug in the neighborhood of the 
District of Columbia is probably not far from the first day of July, 
the earliest date when it has been observed. This is two or three 
weeks later than the appearance of slnasa tristis. The first eggs ob- 
ained were deposited August 9. Nymphs were first seen August 13; 
the second stage, August 16. 

The first imagos of the new generation developed September 10, 
and during the next few days many more were seen both in our rear- 
ing cages and in the field. The hibernated bugs disappeared a week 
or two earlier, so that there was no overlapping of generations obsery- 
able. The second stage of the nymph has been observed during dif- 
ferent seasons as late as the middle of September and an individual of 
the third stage September 23. A belated adult was observed in the 
second week of November. 
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Food habits. —It may be well to sum up what is now known of the 
food and other habits of this species. It is obvious that cucurbits are 
the favorite food of both adults and nymphs, although the earlier 
arrivals or hibernated adults are more often found upon fruit trees. 
The nymphs are most abundant on cucurbits, which naturally is true 
of adults of the new generation which remain on or in the vicinity of 
the plants upon which they developed until time for seeking winter 
quarters. Plums, cherries, peaches, and tomatoes are frequently 
punctured by the insects in all stages, tomatoes appearing to be pre- 
ferred in our rearing jars to other food. Green corn is fed upon 
readily. There is record of occurrence on corn published by Dr. 
Lintner in the Country Gentleman of October 7, 1886 (p. 753). Of 
other published records of food habits we have Mr. Ashmead’s men- 
tion of this species in his enumeration of the insect enemies of cotton; 
also note of the occurrence of eggs and nymphs on a hedge plant and 
on Russian apricot. Grape has been recorded as a food by Dr. Lint- 
ner (loc. cit.). The natural wild food plant remains to he discovered. 

In the report of the Oklahoma Agricultural Experiment Station for 
1900-1901 mention is made of this bug as having been received from 
rarious parts of Oklahoma, accompanied with the report that it was 
injuring the fruits of peach and plum by puncturing them and suck- 
ing out their juices. The species occasioned considerable alarm there, 
and farmers were asked to send specimens whenever found, in order 
that several points in its life history might be determined. 

Other habits.—The nymphs, as soon as hatched, group themselves 
about the chains of eggs and remain there during the day and probably 
till nightfall. Afterwards they may be found in other locations, and 
those which have been under observation, both in the field and in con- 
finement, at once selected a place for congregating where they were 
to be seen throughout the day, the individuals of a colony or those 
which hatched from a single egg mass always remaining by them- 
selves. In one rearing cage a colony established itself at the base 
of a squash leaf near the stalk, which appears to be a favorite rest- 
ing place for this as well as other plant-bugs, including the squash 
bugs; and another colony formed at the apex of the same leaf, as far 
as possible from the first colony. Here they remained day after day 
without mingling. Finally a stray nymph froma third egg mass, and 
larger than the others, joined the lower colony and remained with them. 
With the assumption of the third stage, the nymphs kept under obser- 
vation deserted their original congregating places and collected in 
another portion of the cage, where they were joined by a newly 
hatched colony. With later stages it is a matter of common occur- 
rence to find in the field three or four stages in a single group. 

A fully matured nymph was observed to shed its last skin October 2, 
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at 11.30a.m. At this time it was a light carmine; in the afternoon 
it had changed to the normal dull black color. 

This plant-bug has a similar but much fainter odor than the common 
squash bug, but in ordinary handling of the creatures, nymphs and 
adults, it would scarcely be noticed. 


NATURAL ENEMIES. 


Quite frequently the adults of this plant: bug are noticed with Tach- 
inid eggs on the upper surface of the thorax. During the first week 
of August a fly was reared from hibernated adults, which proved to be 
Trichopoda pennipes (fig. 5). An 
adult of the squash bug, Anasa 
tristis, was found September 14 with 
a nymph of the second stage of this 
plant-bug affixed to its beak. 


REMEDIES. 


This plant-bug can, in the case of 
ordinary attack, be controlled by 
hand-picking or by capturing the 
insects in Inverted umbrellas, bags, 
or specially prepared nets saturated 
with kerosene; the best time for 
their capture being in the early 
morning or late in the evening, as they are apt to be active, taking 
wing readily, in the heat of the day. 

A certain measure of relief should be obtained by the free use of 
kerosene emulsion, which will at least kill the younger nymphs. 

Some of the remedies in use against the striped cucumber beetle* 
and other insect enemies of cucurbits will assist in the control of this 
species when it occurs on cucurbits. Among these are the protection 
of young plants with coverings; the use of repellents, such as land 
plaster or gypsum, saturated with kerosene or turpentine; the plant- 
ing of an excess of seed to distribute attack; the stimulation of the 
growth of the plant by manures or other proper fertilizer; and, lastly, 
clean cultural practice. If, as soon as the crop is harvested, the vines 
be gathered and burned, many bugs in their different stages will be 
destroyed and the crop of insects will be reduced for the ensuing year. 

With a knowledge of the natural wild food plant or plants of this 
species, we might be able to control it in the same manner as sug- 
gested for its congener, L. phyllopus, which feeds normally upon 
thistles. This matter is considered on page 48 of Bulletin No. 19, 
present series. 


Fie. 5.—Trichopoda pennipes: adult, fly three 
times natural size (original). 


*See Circular No. 31, 2d ser., The Striped Cucumber Beetle, pp. 4-7. 
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THE CARROT RUST FLY. 
( Psila rose Fab.) 

This imported pest, which has been noted as injurious to carrots in 
Canada since 1885, made its appearance during the season of 1901 in 
New York, and did considerable injury. 

November 14 and 19, 1901, Mr. James Granger, Broadalbin, N. Y., 
sent specimens of the maggot which proved, on rearing, to be this 
species, and which he found at work in a celery field during the sum- 
mer. The larvee seemed to begin eating into the thick part of the root 
when the plant was about half grown, stunting it so as to make it 
worthless for market. About 6,000 plants had been ruined during the 
season, and traces of the ravages of the maggot were found all over a 
field containing 60,000 plants. 

It is to be regretted that the rearing and subsequent identification 
of the species was made so late in the season that it was impossible to 
make any biological observations. The importance of the species as a 
pest in Europe and its prospective increase and injuriousness in this 
country are such, however, that it is deemed advisable to present at 
this time what is known concerning the insect and its life history. All 
that has been hitherto published on its occurrence in America is from 
the pen of Dr. James Fletcher, Dominion entomologist of Canada. 

Attack on carrots is not difficult of recognition. The leaves of the 
young plants early in the spring turn reddish, and the roots are found 
to be blotched with rusty patches, particuiarly toward their tips. The 
roots when stored for winter, although not always manifesting any 
degree of injury on the outer surface, may at times be perforated in 
all directions by dirty brownish burrows, from which the whitish or 
yellowish larvee may be found sometimes projecting. 


DESCRIPTIVE. 


This species is quite minute, the adult or parent fly measuring only 
about one-sixth of an inch (4"™") in length, with a wing expanse of 
a little more than three-tenths of an inch (8™"). The color of the 
body is dark green, described by some authors as black, and it is 
rather sparsely clothed with yellow hairs. The head and legs are pale 
yellow, and the eyes are black. The general appearance of the two 
sexes is shown at ¢ and @, respectively (fig. 6). It will be noted that 
the male abdomen is rounded at the apex, while that of the female is 
prolonged into a rather acute point. A more detailed description 
is given by Curtis. 

The larva, about half grown, is figured at.7, yg. It is paler than the 
more mature larva. The full-grown larva resembles rather closely 
that of the cheese maggot, to which this species is nearly related, but 
is much darker in color, being rather dark brown, with the segments 
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well marked, the head, as is usual with related maggots, being minute, 
while the posterior extremity is truncate. The general appearance is 
shown at 4, the spiracles at c, and the anal segment at 2. The length 
of the mature larva is a little less than three-tenths of an inch (7™™). 

The puparium (e) is of about the same color as the larva, and the 
anterior portion is obliquely truncate, recalling the appearance of 
the anal segment of the Scolytidee or bark-beetles. The length is 
nearly one-fifth of an inch (4.5™"). 


Fic. 6.—Psila rose: 3%, male fly; 9, female fly, lateral view; a, antenna of male; b, full-grown larva, 
lateral view; ¢, spiracles of same; d, anal extremity from the end; ¢, puparium; jf, young larva; 
g, anal segment from side—flies, young and mature larva, and puparium, eight times natural size; 
other portions more enlarged (original). 


According to Curtis, when the imago issues from the puparium an 
oval lid on this portion lifts up, permitting the fly to crawl out. The 
posterior extremity ends in two minute and not prominent dark 
tubercles. 

DISTRIBUTION. 


The carrot rust fly is a pest in England and Germany and probably 
elsewhere on the continent of Europe. It was originally described 
from Kilia, in Bessarabia. Just when it was first introduced in this 
eountry does not appear to be known, but ravages were not apparent 
until 1885, and until the present year the species seems to have been 
confined to Canada, although we have in the National Museum a single 
specimen received from Mrs. A. T. Slosson, labelled Franconia, N. H. 
New York is apparently, therefore, an unrecorded locality and celery 
a new food plant. It frequently happens that a species introduced 
from one country into another, particularly from the Old World into 
America, assumes new habits and acquires new tastes as regards food. 
The localities in which the species has been observed in Canada will be 
mentioned further on. 

From the known distribution of the carrot rust fly it would seem 
probable that this species will not be troublesome far southward, its 
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establishment in Canada for at least eighteen years indicating its 
adaptability to a cold climate. It will perhaps not extend farther 
south than the Upper Austral life area, and for a number of years at 
least would be most injurious in the more northern portion of that 
zone and in the Transition. There is little doubt that it will in time 
spread westward, and may some day become a pest in the celery fields 
of Michigan. 
OCCURRENCE IN CANADA. 


The first record of the occurrence of the carrot rust fly in America 
appears to be that published by Dr. Fletcher, who, as already remarked, 
has written all that has hitherto been known of the occurrence of this 
species on this continent. In 1885 carrots purchased in the market at 
Ottawa were seen to be much mined by small white maggots, which 
proved by rearing to be the carrot fly (Rpt. Ent., Dept. Agr., Can., 
1885, p. 15). In 1886 Dr. Fletcher found young plants of carrot 
ina garden at Ottawa badly attacked in the spring. The same year 
a great deal of damage was done, particularly to roots stored for 
the winter. Mr. F. B. Caulfield, an entomologist of Montreal, 
reported that in February, 1887, nearly all the carrots that he had 
seen exposed for sale were more or less attacked. At Nepean, On- 
tario, early carrots were badly attacked, nearly every root showing 
signs of the insect’s presence, two-thirds of the crop being seriously 
injured for the market (Rpt. Ent. and Bot., Exp. Farms, Dom. of 
Can., for 1887 [1888], p. 21). 

In 1897 the species was reported as occasioning complaints during 
the previous ten or twelve years, chiefly in the Province of New 
Brunswick, but also in Ontario and Quebec. Attack is described as 
being a serious one, carrots stored for winter use being rendered use- 
less for the table from the discolored burrows of the numerous mag- 
gots which sometimes occur in a single root. 

In 1895 a correspondent at Rothsay, Kings County, N. B., whose 
crop had suffered severely from the ravages of this insect, noticed that 
late sown carrots were less injured than those sown at the ordinary 
time. Late planting has since been recommended and adopted with 
considerable success (1. ¢. for 1897 [1898], pp. 19 —198). Specific men- 
tion is made of injury at Upper Sackville, Brookville, and Clifton, 
N. B. In the first locality injury was noticed in 1894 and 1895, at 
Brookville in 1895, and at Clifton for several years. In the last local- 
ity few carrots were raised ‘‘ of late years on account of this pest.” 
The following year (I. c. for 1898 [1899], pp. 193-194) specific injury 
to carrots at Noulton and Ste. Marie, Quebec, was noticed. 


EUROPEAN LITERATURE OF THE INSECT. 


The original description of the carrot rust fly, by Fabricius, ap- 
peared in 1792 (Entomologica Systematica, Vol. IV, p. 356) and 
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under the name of Musca rose, the specific name evidently being sug- 
gested by the capture of the mature fly upon a rose bush, but this is 
not explained in the text, which reads ‘*‘//abitat in Kilixw floribus.” 
In subsequent years the species was redescribed by Fallen, Meigen, 
Macquart, and Zetterstedt, and in 1834 Bouché (Naturgeschichte der 
Insekten, pp. 97, 98) gave some account of its habits. In 1837 a popu- 
lar account was published by Vincent Kéllar (Schiédliche Insekten, p. 
168). K6llar’s account is translated in the London edition published 
in 1840 (pp. 160, 161) the insect being referred to as the ‘‘negro fly.” 
The same year John Curtis published, in Farm Insects (pp. 404-407), 
a still more extensive article with illustrations and descriptions of all 
stages. Accounts also appeared in subsequent years by Miss E. A. 
Ormerod (Manual of Injurious Insects and other publications), by 
Taschenberg, and others. It is probably this fly which Joshua Major 
mentions in his ‘* Treatise on the Insects most Prevalent on Fruit 
Trees and Garden Produce,” published in London in 1829. On page 
183 he states, under the head of carrots, that ‘‘ the greatest pest to this 
plant is a small white larva of a small fly (Pollydismus Complanatus)”. 
He furnishes the information that moist weather appears to be the most 
productive of the depredations of this species, stating that under such 
atmospheric conditions it is not uncommon to see ‘* whole and exten- 
sive crops laid waste and rendered useless, by their perforating and 
defacing the Carrot from one end to the other, which effect gives rise 
to the common term canker, which gardeners have so much to com- 
plain of in this vegetable.” On page 199 he also refers to this species 
as ** orub (Pollydismus Complinatus)—See on Carrots.” He adds that 
he can suggest nothing for the destruction of the pest since the mag- 
gots are so deeply fortified in the plants which they attack that noth- 
ing can be applied that will reach them without destroying the plants. 
He, however, recommends rotation with crops not affected by this 
species, and avoiding plots that have had carrots the year before. 

Zetterstedt quotes Dahlbom (Dipt. Seand., Vol. VI., p. 2403) as 
having reared this species from larvee at the roots of turnip (Brassica 
rapa), wand rape (LB. napus). 


HABITS OF THE SPECIES. 


The life history of the carrot rust fly does not appear to have been 
worked out. What we know is from the authors that have been quoted. 
The writer is inclined to believe that in the United States the species 
will be found to pass the winter usually as a puparium, possibly 
occasionally also as a larva; but as larve work also on carrots in store 
the flies will develop in winter, as happened in the writer’s laboratory, 
which is kept unusually cool for a working room and still cooler at 
night during the colder months. Hence we have great irregularity 
of development, making generalization impossible until we have an 
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opportunity to make obseryations in the field. As the larvee go deep 
into the ground upon the approach of cold weather it is quite probable 
that they may be able to survive as such. 

In any case, the insect develops rather early in the season. Attack 
begins with young carrots which turn of a rusty color, and upon 
examination the roots will be seen to be disfigured with rusty patches, 
more especially toward the tips. Both flies and maggots are found 
throughout the warmer months, but the latter desert the roots for 
pupation in the earth, the last generation probably descending much 
deeper into the earth than the earlier ones. According to Curtis the 
summer generations develop in three or four weeks. No one appears 
to have surmised how many generations are produced. There must 
be at least two, and probably more. Miss Ormerod states that the fly 
goes down into the ground for oviposition where she can find a crack 
or other opening about the roots of the carrot (or other food plant 
affected), and the maggots when hatched work their way into the roots; 
when this is quite small they often destroy the lower portion. 


NATURAL ENEMIES AND ASSOCIATES. 


Curtis found a species of parasitic four-winged fly which he described. 
as Alysia apii (Farm Insects, p. 420), and which he presumed was a 
parasite of this species and connected with its economy. 

Polydesmus complanatus Linn. is stated by Curtis to be attracted to 
the roots, which have been previously perforated by the maggots of 
this species, sometimes congregating in such vast numbers that he sup- 
posed that it was this creature which was reported to have devoured 
‘arrots by the acre in Scotland in 1831. This is a European milli- 
pede several times reported to be introduced in this country," and 
it is sometimes accompanied by a centipede known as Scolopendra 
electrica, said to assist in depredations. 


“Prof. O. F. Cook, who is our best American authority on the Myriapoda, informs 
the writer that, although this species has been recorded as occurring in the United 
States, it has not yet been positively recognized on this continent, he having never 
seen specimens. It seems probable that notwithstanding the fact that this insect 
must have been brought to this country in potted plants and in earth perhaps thou- 
sands of times, it has, for some unknown reason, failed to gain a permanent foothold. 

In response to the inquiry of the writer as to whether any of the Myriapoda, better 
known as thousand-legged worms, miillipedes, etc., were capable of original damage 
to plant tissue, Professor Cook stated that their mouth-parts were not formed either 
for biting or chewing, and that they were only capable of eroding or scraping dis- 
eased tissue, and, to some extent, soft, delicate plants. In this way, however, they 
can do oceasional damage by constantly scraping plant growth like the tubers of 
potatoes affected with scab and similar diseases, and young, delicate plants that might 
recover if they were not attacked. 


3] 
METHODS OF CONTROL. 


As with other species which feed beneath the surface of the ground, 

the carrot rust fly is a difficult one to reach with insecticides. Our 
‘principal dependence is therefore based upon methods of tillage which 
will serve to avert attack. 

Kerosene emulsion prepared in the proportion of one part to ten of 
water and sprayed upon the carrots along the rows with a knapsack 
or other sprayer, or sand, land plaster, or ashes, with which kerosene 
has been mixed at the rate of half a pint to 3 gallons, sprinkled along 
the rows, are (with the exception of crude carbolic acid at the rate of 
half a pint in 5 gallons) about the only applications which have been 
made with good results. In Canada, according to Dr. Fletcher, one or 
the other of these applications should be made once a week through 
June from the time the roots begin to form, and particularly after the 
rows have been thinned. 

Late sowing has also been practiced to great advantage, several per- 
sons attesting its value. 

Rotation of crops should always be practiced in the case of such 
species as the present one, and this means the planting of a new bed 
each year as far as possible from land infested the previous season. 
Many of those who have complained of injuries have admitted planting 
carrots on the same ground year after year, and some have testified to 
the value of rotation. 

Destruction of the insects in stored carrots.—Where carrots are 
stored for winter use in earth this should be treated to destroy the 
larvee or puparia which leave the roots to enter the soil for transfor- 
mation. This may be accomplished in several ways: (1) By burying 
the earth deeply; (2) by spreading it in thin layers where it will be 
exposed to the elements; (3) where possible, by throwing it into pools 
where it will be frozen; or (4) by exposing it to heat or steam in any 
manner which may be most convenient. 

Treatment of the insect in celery beds.—Now that we know that this 
insect also infests celery, it is obvious that celery should not follow 
carrots nor carrots celery in rotation. Clean cultivation should be 
practiced, which means the destruction of all remnants after the celery 
crop has been harvested, and if the insect is found to destroy celery in 
store in the same manner as carrots, the earth, after the larvee have 
entered it, should be treated in the same manner as described above. 

After harvesting, it would be a good plan to give the celery fields a 
light raking or cultivating of sufticient depth to expose the larvee 
or puparia that they may be destroyed by frost; early the following 
spring, before the flies have time to issue, if the earth be plowed 
deeply, it will, with little doubt, have the effect of destroying most 
of the insects; and such as have not been killed by frost and survive 


32 


cultivating and raking would be buried so deeply under the ground 
by the spring plowing that they would not be able to effect their 
escape. 

THE CARROT BEETLE. 


(Ligyrus gibbosus Dej. ) 


A very common beetle along the Atlantic coast from Long Island to 
the Gulf States, and at many points inland, has been reported as the 
cause of injury to carrots and other root crops, and to some other plants. 
It first attracted attention from its injury to sunflower and has been 
given the name of sunflower beetle; but as its record shows it to be the 
worst insect enemy to carrot and parsnip known in the United States 
at present, the name of carrot beetle is suggested as more appropriate. 
It is somewhat of a general feeder, and, as we learn more of its habits, — 
we will doubtless find that it will, on occasion, attack many other plants 
than those which will be specified. 

During the year 1900 it was destructive to corn in Louisiana and 
Mississippi, and the following vear to sunflower in Illinois and to root | 
crops in Indiana. 

DESCRIPTION. 


The beetle (fig. 7)—From three other species of Ligyrus, g/bbosus 
can be distinguished without much difficulty. It is of robust form, 
like ruginasus, the Pacific coast form, and relictus, but from both 
it may be known by its much smaller size. It 
measures between one-half and five-eights of an 
inch in length, and its width is more than half 
the length. The surface of the elytra is strongly 
sculptured and coarsely punctate, characters 
which will distinguish this genus from Lachnos- 
terna. The color varies from reddish brown to 
nearly black on the dorsal surface. The lower 
surface is reddish brown, and the legs, which are 
still brighter colored, are clothed with reddish- 
FIG. 7.—Ligyrus gibbosus: Yellow hairs. ~The remaining species, rugzceps, 

peetle—about twice nat- js restricted to the South, and is narrower than 
chin ta ile the others, with a different facies. 

The species may further be distinguished from rugénasus (with which 
it agrees in having the thorax impressed in front, and with a small 
tubercle, andin having the anterior tibie tridentate) by the structure 
of the clypeus which is bidentate or two-toothed, the clypeus in rugi- 
nasus being unidentate or single-toothed. 

The egg is of the usual scarabeid appearance, when recently laid 
measuring 1.70™™ in length and 1.45™™ in diameter, but when ready to 
hatch the length is about 2.30™" and the diameter 2.20". In almost 
every respect the egg is a counterpart of that of Lachnosterna, which 
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was described by the writer in Bulletin No. 19 of the present series 
(p. 75). It is perfectly snow-white with just a perceptible luster when 
laid, but becomes grayer when near the hatching time. The larva and 
pupa have never been described, to the writer’s knowledge. 


DISTRIBUTION. 


The list of localities in which Zigyrus gibbosus has heen observed. 
and by which it is represented in most cases in the National Museum, 
includes territory from Long Island to California and Oregon, as well 
as the Gulf States. It indicates a very wide distribution, but so far as 
we know at present the species does not occur in the Northern States 
in the Transition or even in the more northern portions of the Upper 
Austral life zones. For example, although it is extremely abundant 
about the city of New York, it does not occur in the central portion of 
the State. A list of known localities follows: 

New York, Staten Island, Long Island, N. Y.; in New Jersey at Trevose, Brigan- 
tine, and Highlands, and ‘‘throughout the State, but much more common along the 
shore at light’? (Smith); Pennsylvania; Maryland; Cobb’s Island, Pennington Gap, 
Fortress Monroe, and Virginia Beach, Va.; District of Columbia; Keokuk, Iowa; 
Thomson, I1l.; Purdue and Chesterton, Ind.; Moody, Ark.; Topeka, Riley County, 
Onaga, and Atchison, Kans.; St. James and Glencoe, Nebr.; Capron and Crescent 
City, Fla.; Craig, Miss.; San Diego, Plainview, Rock Hill, and Gainesville, Tex.; Salt 
Lake, Utah; Las Cruces, Albuquerque, Mesilla Valley, and Water Canon, N. Mex.; 
Yuma and Wilcox, Ariz.; Bayou La Fourche, Mer Rouge, and Ville Platte, La.; 
Grand Rapids, Wis.; Pueblo, Colo.; Los Angeles, Kern County, and southern Cali- 
fornia; Hood River, and Dalles, Oreg. 


RECENT INJURIOUS AND OTHER UNRECORDED OCCURRENCES. 


April 21, 1900, Mr. René L. Derouen, Ville Platte, La., sent speci- 
mens of this insect with the report that the species was concerned in 
the destruction of the corn crop of that vicinity. The beetles were 
described as cutting the corn just above the roots. The previous 
year’s crop was lost through its depredations, and fear was expressed 
that the country might suffer very much indeed through the ravages 
of this pest. Mr. James Lambeth, Craig, Miss., sent specimens, with 
the information that many of these insects were to be found in a corn- 
field about an inch deep in the ground. 

During 1901 we received in June specimens of the beetle, with 
information from Prof. W. G. Johnson, associate editor American 
Agriculturist, that this species was found injuring the roots of sun- 
flower and sweet potato at Thomson, Carroll County, Ill. October 10 
we received specimens of beetles eating the roots of celery, carrots, 
and parsnips, and sent by Mr. F. J. Dickinson, Chesterton, Ind. He 
stated that the carrot crop appeared to be in good condition, judging 
from the tops, but when the plants were pulled it was seen that the 
roots were full of little holes. The beetles appeared to work entirely 
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under ground, and our correspondent stated that they had ruined the 
‘arrot and celery crop that fall. December 5, Mr. Dickinson again 
wrote in regard to investigations which he had conducted at the 
writer’s request. He succeeded in ascertaining that carrots, at least 
in that locality, were the chosen food of the beetles, but celery and 
sweet potatoes were greatly damaged. Of parsnips an occasional 
root was found that had been eaten into, but not to seriously damage 
it. Celery was greatly injured by the beetles’ gnawing into the roots 
so that the plants were killed and dwarfed, sometimes so badly that 
the crop was practically worthless for market. One-half of Mr. Dick- 
inson’s sweet potatoes were not marketable on account of the holes 
made by these beetles. 


LITERATURE AND RECORDED INJURIES BY THE SPECIES. 


The first account which the writer finds of injuries by the carrot 
beetle was published in the report of the Commissioner of Agricul-— 
ture for 1880 (p. 274). About the middle of August of that year 
specimens were received from St. James, Nebr., where it was 
reported at the roots of sunflower plants of sickly appearance, from 5 
to 25 of the beetles to each plant. They had eaten the bark from the 
root and scored long grooves in the wood. The larvee were found in 
the same situation doing apparently the same work. Later in the fall 
of the same year a correspondent at Glencoe, Nebr., wrote that 
this species often nearly exterminated wild sunflower by working at 
its roots. He had also observed it on cultivated sunflower and dahlia. 
June 4 of the same year we received from Mr. D. Donaldson, Rock 
Hill, Bexar County, Tex., a lot of larvee of this species—which were 
subsequently reared to adults—with the report that the species was 
doing much damage to potatoes. Of this lot, one changed to pupa 
June 14 and others June 16, the beetles issuing June 28 and July 1, 
respectively. It will thus be seen that the pupal condition for this 
season required about fourteen or fifteen days. Pupation took place 
in an oval cavity in the earth formed by the rolling and twisting of 
the larva. September 16 Mr. J. H. Wayland, Plainview, Tex., sent 
beetles with the report that they were numerous and doing much 
damage to shrubs and vegetables of different kinds by working upon 
their roots, first cutting small roots and afterwards the tops. From 1 
to 50 beetles could be found in the ground around the roots of single 
vegetables, weeds, and small shrubs. 

It is plain from the above that injuries must have been quite exten- 
sive in the year 1880. 

In September, 1889, Mr. F. M. Webster reported the occurrence 
of this species in destructive numbers on carrot at Purdue, Ind. 
The carrots were found to be gnawed to the depth of 2 or 3 inches, 
the cavities thus formed being large and irregular. Injuries con- 
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tinued during that month and October and up to the 6th of December. 
(Insect Life, Vol. I, p. 382). During the year 1890 Ligyrus gibbosus 
was reported by Professor Bruner as having been quite destructive to 
the sugar beet over limited areas toward the western part of the State 
of Nebraska. It attacked the roots, into which the mature insects 
gnawed great holes, sometimes entirely embedding themselves. They 
worked for the most part on old ground and where irrigation was 
practiced. The work upon the roots extended from the surface toa 
considerable depth, but was most apparent at about 3 or 4 inches below 
the surface. In some instances it reached a depth of fully 7 inches 
(Bul. 23, 0. s., p. 17). In 1894 Mr. Webster again reported this 
species to be destroying sunflowers by eating the roots, the beetles 
going from hill to hill to continue their depredations. This occur- 
rence took place in Indiana, as before, in St. Joseph County (Insect 
Life, Vol. VII, p. 206; Ohio Farmer, July 5, 1894, p. 17). 

In Bulletin No. 36 of the Mississippi Agricultural Experiment 
Station, by H. E. Weed (Nov., 1895, pp. 156, 157), an interesting 
note is published on the occurrence of this species in Mississippi. The 
injury by the beetles is described as somewhat resembling that of corn 
billbugs. When a stalk of corn is attacked it presents a wilted 
appearance, but after a few days of favorable weather it may recover. 
An excellent illustration of the cause of attack is given, well worth 
repeating, in Mr. Weed’s own language. 

In June of this year many reports were received from Adams County of damage 
being done by these beetles and we were at a loss as to how to account for the injury. 
Upon investigation, however, we found the following to be the situation: The beetles 
were doing damage only in a limited locality, and had done the most damage upon 
a plantation where some 3,000 head of cattle were pastured last year. The land was 
not plowed until spring and the corn was planted immediately afterwards. These 
facts explained the whole matter. The beetles were attracted to the pasture last 
year by the droppings of the cattle and had deposited their eggs in the grass. The 
larve fed on the roots of the grass last season and changed into mature beetles Just 
before the ground was broken. The corn immediately after was attacked by the 
beetles, as it was the only vegetation on the land. If the land had not been broken 
up the beetles would probably have fed on the grass and deposited their eggs as 
usual. 

The substance of this report of injury is repeated in the eighth 
annual report of the same station (p. 71). 

A short general account of this species is given by Messrs. Forbes 
and Hart in Bulletin No. 60 of the University of Illinois Agricultural 
Experiment Station (p. 152), which includes an original illustration of 


the beetle. 
SOME DIVISIONAL RECORDS OF ATTACK. 


May 9, 1898, Mr. Geo. Davenport, Mer Rouge, La., mailed speci- 
mens of this beetle with the report that, although there were few of 
this insect in corn in that vicinity the previous year, during 1898 they 
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were very numerous. The beetles went down under the surface of the 
earth and completely shredded the cornstalk between the surface and 
the roots. They were described as playing havoc with stands of 
corn in that region. September 19, of the same year, Mr. B. M. 
Vaughn, Grand Rapids, Wis., sent specimens of the beetle working in 
‘arrot tops and in tubers of dahlia. 

During 1899, Mr. J. P. Baker, Moody, Drew County, Ark., sent 
specimens of bevels. June 3, reporting that they were cutting late 
plantings of small corn and cotton, as many as 7 or 8 being found on 
a single plant. Older growth of these crops seemed exempt from 
Stara evidently owing to their firmer, more woody texture. August 
28, Dr. W. H. Ridge, Trevose, Pa., sent specimens of the beetle, 
stating that they had been destroying great quantities of carrots by- 
boring down and eating the roots off, ibavine the ground full of holes. 


SUMMARY OF FOOD AND OTHER HABITS. 


Our knowledge of the life economy of the carrot beetle is still incom- 
plete. It would appear that in many respects it closely resembles the 
brown fruit-chafer (uphoria nda Linn.), which has been treated in 
Bulletin No. 19 (n. s.), pages 67-74. Larval injury has been noted, 
but there is little doubt that the grubs feed also on humus, manure, and 
decomposing roots and tap roots of herbaceous plants. The writer has 
observed larvee feeding in earth where there was no opportunity for 
plant attack. Most cases of reported injury have been due to the oper- 
ations of the beetles, and damage is more pronounced on young plants 
than on older growth, the latter appearing, in some cases at least, to 
be exempt from attack, owing to their firmer and more woody texture. 
Injury may be accomplished both by hibernated individuals in the 
spring from April to June, according to locality, and by recently 
transformed specimens in late summer and in autumn. 

Like the fruit-chafer again, the species is with little doubt single- 
brooded. Eggs have been observed by the writer June 8 from which 
larve hatched ten days later. Pupation takes place in an oval cavity 
in the earth, formed by the rolling and twisting of the grub within, 
as in the case of allied insects; and the observed pupal period is about 
fourteen or fifteen days in the warm weather of late June and early 
July. As these observations were made on material received from 
Texas, it seems probable that farther north, as, for example, along the 
coast of New Jersey and Long Island, pupation taking place at a later 
period requires a longer time. Hibernation, without much doubt, 
occurs in the adult condition. The favorite food of the beetle is evi- 
dently carrot, and after this corn in the Southern States; elsewhere 
parsnip and celery appear to be chosen. Sweet potato and Irish potato 
are subject to much damage. Sunflower and dahlia are to be included 
as food plants, and sugar beet is sometimes injured, as is also cotton. 
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The writer has found the beetles in numbers about the roots of pig- 
weed (Ambrosia), and other persons have noticed them about weeds. 
Although the species is rather unusually periodical in injurious attack, 
it is obviously capable of doing much damage in years when it develops 
in great numbers. 


NATURAL ENEMIES AND METHODS OF CONTROL. 


One bird, the chuck-will’s-widow, is recorded as having fed on the 
beetles of Zigyrus gibbosus at Gainesville, Tex. (Ins. Life, Vol. LI, p.189). 

It is to be regretted that when this insect is present in large num- 
bers in cultivated fields there is little, owing to its manner of working, 
that can be accomplished in the line of control. About the only thing 
that can be done is to trap the beetles at night by means of stationary 
lanterns and pans of water placed below the lanterns, on which is float- 
ing a thin scum of kerosene. The lanterns should be stationed at 
intervals about the field, particularly around the borders. The beetles 
are strongly attracted to electric lights, but it is not certain that they 
could be lured from the fields after beginning to feed. 

A correspondent reports that by scattering lime through infested 
fields the beetles have been apparently driven away. It is possible 
that this or some other similar substance might have a deterrent effect, 
but it is rather doubtful. 

After the crop has been harvested, if the insects continue in numbers 
in the ground, either in the adult, larval, or pupal stage, it would be 
profitable to turn in hogs, which soon find and root up such insects 
from the ground. Chickens also learn to follow the plow after these 
and similar insects. Crop rotation should also be practiced. 


THE BEET ARMY WORM. 
(Laphygma exigua Hbn. ) 


Simultaneously with the occurrence of the fall army worm (Za- 
phygma frugiperda) in the eastern United States in such unusual and 
destructive numbers in 1899, as previously reported by the writer 
(Bul. 29, n. s., pp. 5-46), a similar outbreak of a related species known 
in American literature as Laphygma flavimaculata Harv. occurred in 
Colorado and New Mexico. The outbreak in Colorado has been men- 
tioned by Prof. C. P. Gillette in several publications, but no compre- 
hensive account of the species has yet been published, and recent 
studies of literature show thit there is such a strong possibility of this 
species becoming a serious pest eastward that it becomes a practical 
necessity to bring together all that we know about it. All that has 
been published in regard to its food habits and ravages in America are 
from the observations of Professor Gillette, but through the kindness 
of Dr. H. G. Dyar, of the National Museum, I have been referred to 
numerous articles on this species going to show that it is widely dis- 
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tributed and cosmopolitan, although in the United States restricted to 
an area considerably west of the Mississippi Valley. 

Although this insect is obviously of foreign origin, there is proba- 
bility of its some time migrating in the same manner as did the 
Colorado potato beetle in the late sixties and early seventies; and it is 
nearly equally possible that this insect may become as great a foe to the 
culture of the sugar and garden beét, as well as to other vegetables, 
as the Colorado beetle has been to the potato, though this may not 
happen in the near future. It does not confine itself to foliage, but 
after devouring this eats off the crown of a plant and then the roots. 


DESCRIPTIVE. 


This species, as might be expected from their relationship, is similar 
to the fall army worm in all 
stages, but the resemblance is 
not close. 

The moth (fig. 8,a@) resem- 
bles more nearly the plain gray 
form of L. frugiperda, but 
the fore-wings are broader and 
paler, the reniform and other 
spots as well as mottlings are 
more distinct, but the hind- 
wings differ very slightly, the 
veins, particularly the central 
ones, being a little more dis- 
tinct. The body is of similar 
Fic. 8.—Laphygma exigua: a, moth; b, larya, lateral color, but a little more slender. 

view; ¢, larva, dorsal view; d, head of larva; e,egg, The wing expanse is less than 
eyed tom above fa, fom ileal nia an inch, and-one fOr 
A technical description is 
furnished by Hampson (Fauna of British India, Moths, Vol. II, p. 
259), which is quoted herewith: 


Pale ochreous brown. Fore-wing with the subbasal, ante-, and post-medial double 
lines indistinct; the orbicular small and round, pale or ochreous; the reniform usually 
less prominent, with ochreous or dark center; the submarginal line pale, angled below 
the costa, and with some slight dark streaks before it at middle; a marginal series of 
dark specks. Hind-wing semihyaline opalescent white; the veins and outer margin 
tinged with fuscous. 

The eggs are also similar, being ribbed as in the case of most Noctuid 
moths, but according to the figure and description furnished by 
Hofmann, they differ by being pyramidal, something unusual in the 
Noctuids. The general appearance of the egg is shown in the illus- 
tration at ¢ and f. It will be noticed that the upper third has the 
appearance of being surmounted by a cap, and this portion is separated 
from the lower two-thirds by a white ring. 
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The larva.—The few specimens of the larva available for description 
are small or not quite mature, the longest measuring less than an inch 
and one-fourth, and with much narrower head than that of the fall army 
worm. The ground color in life is greenish or olivaceous, but this 
does not show in inflated and alcoholic specimens. The lateral stripe, 
however, is strongly suggestive of frugiperda, although the surface is 
not marked by the large tubercles present in the latter species. The 
head is mottled dark brown, with V-mark well indicated; the thoracic 
plate scarcely different from the abdominal seg- 
ments save in bearing piliferous warts, while the 
remainder of the body, with the exception of the 
head, which is strongly marked with dark brown 
undulating lines, is faintly clothed, only a few . 

4 Zz i Fic. 9.—Laphygma exigua: 
extremely short hairsappearingatintervals. Below enlarged section of first 
the lateral stripe the surface near the spiracles is —_Preleé_ segment, dorsal 

: . 6 : view (original). 
pinkish. The larva is shown, lateral view, at 4, and 
dorsal view at c, figure 8; an enlarged section of the first proleg 
seoment of the larva is illustrated in'figure 9. 

Through the kindness of Messrs. Coquillett and Dyar, the follow- 
ing more technical descriptions of the larva are furnished: 


The young larva.—The young ones are pale green with a whitish dorsal, subdorsal, 
and stigmatal line, spiracles white, ringed with black, the head dark brown. Later 
in life the head becomes green dotted with blackish and the coloring of the body 
differs considerably in the depth of the coloring even among the different individuals 
of the same brood and in the same stage of development. In some the ground color 
is light green, in others the suprastigmal space varies from dark green to almost 
black. 

When first hatched the larvee spin a web about them and live gregariously for 
several days, after which they disperse and live separately without any protection. 
[D. W. Coquillett. ] 

The mature larva.—Head round, oblique, apex in joint 2; sordid luteous with a 
few white flecks on the vertices of the lobes; width about 2™. Body cylindrical, 
equal, normal, joint 12 scarcely enlarged. Cervical shield smoky or green, cut by 
three sordid white lines. Green or olivaceous in darker larvee. A straight subdorsal 
line a shade paler than the ground color, and a straight broad substigmatal one of the 
same color but broadly green, filled so as to appear only at the edges, or else in 
the dark form, blotched in dull red centrally on the segments. Between these lines 
the lateral space is gray to black, strongly dotted with whitish. Dorsum dotted 
and lined confusedly in green or blackish, heaviest centrally, defining a narrow 
obscure pale dorsal line. A bright white speck on tubercle iv, which is at the upper 
corner of the spiracle. Subventral region pale, mottled in whitish. Feet normal, 
green, the thoracic ones brown shaded. [H. G. Dyar.] 


THE QUESTION OF NOMENCLATURE. 


Considering the cosmopolitan distribution of this species, the question of nomen- 
clature becomes important. In Smith’s list of Lepidoptera of Boreal America pub- 
lished in 1891 (p. 47) the insect is recorded as Caradrina flavimaculata Hary. In its 
larval as well as adult stage, and in its habits, however, it bears so close a resem- 
blance to the fall army worm (Laphygma frugiperda) that it is obvious that the 
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two species belong in one genus. Sir G. F. Hampson in his Fauna of British India 
(Moths, Vol. IT, p. 259), mentions this species as Caradrina exigua Hbn., giving a 
rather long list of synonyms, of which Caradrina flavimaculata Hary. is one. He 
mentions it in Fauna Hawaiiensis (Vol. I, pt. 2, Macrolepidoptera, p. 153) as Spodop- 
tera exigua Hbn., again giving flavimaculata Hary. as a synonym. In Staudinger 
and Rebel’s ‘‘Catalog der Lepidopteren,’’ published in 1901 (p. 195), the species is 
referred back to the genus Caradrina, with remarks on synonomy and distribution. 


DISTRIBUTION. 


There can be no doubt that the beet army worm has been introduced, 
probably originally on the Pacific coast, and has thence made its way 
eastward to eastern Colorado and New Mexico. With the possible 
exception of two army worms, the common army worm ard the fall 
army worm (both of which may have been introduced originally many 
years ago from South and Central America), all of the cutworms which 
are most destructive and assume the army-worm habit in seasons of 
unusual abundance are of foreign origin. There are no species posi- 
tively known to be native which migrate in numbers. 

In accepting the opinion of European authorities, Meyrick, Stau- 
dinger, and Rebel, as to the identity of this insect with the European 
Caradrina (Spodoptera) exigua Hbn., we must also adopt the credited 
distribution which shows it to be truly cosmopolitan. Its range thus 
includes middle and southern Europe, England and its near-by insular 
possessions, Borkum, Mauritius, Madeira, Canary Islands, Africa, Asia 
Minor, Syria, Armenia, Japan, China (4), India, Australia, and the 
Hawaiian Islands. 

Harvey described this species in 1876 from material from Oregon 
and California (Can. Ent., Vol. VIII, p. 54). So far as the writer is 
aware, however, it has never occasioned injury on the Pacific coast, 
which is not a little singular, considering the fact that its favorite 
food plant, sugar beet, is extensively cultivated in portions of Cali- 
fornia, and that the insect was doubtless introduced there even before 
1876. As to its origin, nothing appears to have been surmised. It is 
doubtless like so many pests, oriental, and perhaps came from India 
or Australia by way of Hawaii to California. 

From present knowledge of its distribution it is obviously capable 
of flourishing in both the Lower and Upper Austral life zones, and 
of doing injury even in the Transition, but it may be that it agrees 
with its congener, the fall army worm, in being better adapted to the 
Lower Austral zone. 

A single specimen was captured in northern Sonora, Mexico (Biol. 
Centr.-Amer. Lepidoptera Heterocera, Vol. 1, 1900, p. 280). 

We have little definite information regarding the region of North 
America which this species inhabits. The list of localities includes 
Oregon; Los Angeles, San Bernardino, and other points in California; 
Fort Collins, Palisades, Delta, Grand Junction, and Montrose, Colo. ; 
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Roswell, Mesilla Valley, and Carlsbad, N. Mex. Both the Col- 
orado and New Mexico localities are east of the Rocky Mountain 
range, and it appears to be only a matter of time when this species 
will succeed in invading the great sugar-beet regions of Nebraska; 
perhaps in time it will also travel farther eastward and become a pest 
in the Eastern States. It does not seem, however, that there is any 
immediate danger of general spread as in the case of the Colorado 
beetle; first, because the insect is a general feeder capable of thriving 
on plants belonging to several botanical orders, and hence does not 
need to migrate for food; and second, because the migration of the 
Colorado beetle is something almost unprecedented in entomological 
history; third, because according to present evidence the insect is 
Lower Austral and perhaps Tropical in origin, while the sugar beet 
grows best in the Upper Austral or Transition zones. From obserya- 
tions of Professor Gillette it is obvious also that this insect, like the 
fall army worm, although it may invade the Upper Austral area, is 
not apt to survive severe winters; hence, if it becomes introduced very 
far northward its ravages will without doubt be sporadic and depend- 
ent upon the occurrence of winters sufficiently mild to favor its 
hibernation. ~ 
PROBABLE METHOD OF SPREAD. 


As previously surmised, this species has doubtless come to our shores 
from Australia, India, or somewhere else in the Orient, possibly via 
the Sandwich Islands, and originally through the ‘‘Golden Gate,” Los 
Angeles, or at some intermediate point on the California coast. If it 
was introduced in the northern portion of California, it drifted south- 
ward, as would any other species of semitropical or Lower Austral 
origin (which zones we conclude must have been the original home of 
the insect). From southern California its distribution eastward was ¢ 
matter of easy accomplishment, by short flights of the moths aided by 
favoring winds through Arizona, possibly extreme northern Mexico, 
and New Mexico, where few high mountains barred its course, to Colo- 
rado, where, according to available data, its further spread appears to 
have ceased. 

In some respects this introduction has been accomplished in what we 
may surmise was the manner of establishment of certain other injur- 
ious insects, examples of which are the potato tuber worm (@elechia 
operculella) and perhaps the imported cabbage web-worm (//e//ula 
undalis), both of which inhabit California. They probably originated 
in the Orient, and evidently followed asimilar course, with this differ- 
ence, however, that as one feeds in the tubers of potatoes and the other 
in the heads of cabbage, and both are small species, it is more likely 
that they were introduced in part by ‘‘commercial jumps,” which 
accounts for their being found farther east throughout the South. Both 
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have spread to the Atlantic seaboard, the former occurring in North 
Carolina, and the latter in South Carolina. Neither (so far as records 
show) has invaded Colorado. 


ECONOMIC LITERATURE. 


The first account that the writer finds of injury by this species in 
America is entitled ‘‘The Sugar-Beet Caterpillar,” and was issued as 
Special Press Bulletin, dated August 19, 1899, of the Colorado Agri- 
cultural Experiment Station, C. P. Gillette being the author. Injury 
in the vicinity of Palestine, Graed Junction, and Fruita is specially 
mentioned, and some facts on the insect’s occurrence are also given, 
the main portion of the bulletin, however, being devoted to the discus- 
sion of remedies. In Press Bulletin No. 3, from the same station and - 
author, a similar account appears. 

During the same year also the writer mentioned furnished for Bul- 
letin No. 26, n.s., of the Division of Entomology, an account of this 
species and its occurrence during 1899, adding as localities infested 
Delta, Montrose, and Rockyford. From this it appears that although 
beets were principally devoured, the caterpillars also attacked potato, 
which in some cases suffered badly, as also small fruit trees where 
beets were planted in orchards. 

In a report of the same writer (12th Report Agl. Expt. Sta. of Colo- 
rado for 1899-1900, p. 39) similar injury is cited, the estimate being 
made that two or three hundred acres of beets were completely ruined 
in three localities during August. The insect matured in enormous 
numbers, and was noted to be passing the winter as a moth. 

The same writer published in the 22d Annual Report of the State 
Board of Agriculture of Colorado some additional facts in regard to this 
insect’s life economy (pp. 128-129). This account states that the species 
disappeared as suddenly in 1900 as it had appeared the preceding sea- 
son. Since parasitism was not especially noticeable, it was surmised 
that the insect failed, although for no assignable reason, to properly 
survive the winter. Three new food plants were added to the list 
previously furnished, including lambsquarter (Chenopodium), Russian 
thistle, and saltbush (Atriplex). Mr. E. D. Ball observed that the 
moths were flying abundantly about the middle of May; caterpillars 
began hatching the first week in June, and by the middle of that 
month were abundant. Their ravages were worst on earliest planted 
beets, late plantings suffering injury only when near weeds or patches 
of early beets. Thousands of the worms were seen migrating, and 
they were found to travel two or three feet a minute. 

In **The Economie Entomology of the Sugar Beet” (Bul. No. 60, 
Exp. Sta. Uniy. Ill.), by Messrs. Forbes and Hart, an account of this 
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include wild sunflower, Cleome, pea, and leaves of apple as food plants, 
the data having been derived from observations communicated by Pro- 
fessor Gillette. It is stated that this species evidently hibernates as a 
moth, and at least two generations of larve may be expected each 
year—the first about June, and the second in August. 

A similar account to the last is given by Prof. E. D. Sanderson in 
‘*Insects Injurious to Staple Crops,” page 262. 

An account of this species and its habits, as occurring in Europe, 
was given in 1893 by Dr. Ernst Hofmann in ‘*‘ Die Raupen der Gross- 
Schmetterlinge Europas,” page 109. This includes a characterization 
of the genus and descriptions of all stages, with figures of the egg and 
larva. 

The following synonymical list is furnished by Hampson (Fauna 
British India, Moths, Vol. II, 1894, p. 259): 

Caradrina orbicularis, Wlk. Cat. x, p. 294. 

Caradrina venosa, Butl. Ent. Mo. Mag. xvii, p. 7; C. & S., no. 2115. 

Spodoptera cilium, Guen. Noct. i, p. 156; C. & S., no. 2117. 

Spodoptera insulsa, Wlk. Cat. xxxii, p. 648. 

Spodoptera erica, Butl. P. Z. 8., 1880, p. 675. 

Laphygma cycloides, Guen. Noct. i, p. 157. 

Laphygma macra, Guen. Noct. i, p. 157. 

Laphygma? caradrinoides, WIlk. Cat. ix, p. 190. 

Caradrina flavimaculata, Hary., Grote, New Check-list, p. 30. 

Caradrina insignata, C. & 8., no. 2112 (nee WIk.). 

Huebner’s description appeared some time in the early part of the 
century in Sammlung europiiischer Schmetterlinge, Noct. fig. 362. 
This publication, however, is not available at the present writing, and 
the exact date of its issuance can not be determined. 


RECENT DIVISIONAL REPORTS OF INJURY. 


The first intimation that the writer had of the occurrence of the 
beet army worm in injurious numbers in this country was received 
through Prof. J. B. Smith, who wrote in February, 1900, that it had 
been reported by Professor Gillette as destructive in Colorado during 
theseason of 1899. In response to inquiry, Professor Gillette wrote that 
there had been a considerable outbreak in Colorado during that sum- 
mer, and prior to that season only three specimens of the insect had. 
been present in the college collection. The caterpillars were very 
abundant during August at Grand Junction, Palisades, Delta, and 
Montrose, and specimens of the insect were also received from Rocky- 
ford, where they were reported to depredate on beets. Hundreds 
of acres of beets were not harvested because of the ravages of this 
species in the region about Grand Junction. 

It was noticed that but little destruction of the last brood by insect 
enemies was observed, and that the moths appeared during the latter 
part of August and September in prodigious numbers. 
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‘*The moths spend the winter evidently in hibernation,” since exam- 
ination of the ovaries of many of the females appearing in the fall 
failed to show the ova developed in any case. 

During the same season Mr. Vernon Bailey, of the Biological Sur- 
vey of this Department, observed this beet army worm in large num- 
bers on the foliage of young sugar beets in a field near Eddy, now 
Carlsbad, N. Mex. According to Mr. Bailey’s notes (which were 
accompanied by specimens), the first occurrence was noted June 19, 
1899, and the larvee were doing much damage to sugar beets in the 
Pecos Valley near Roswell and Eddy. Extensive areas, including in 
some cases entire fields, were destroyed, necessitating replanting and 
sometimes the abandoning of the crops. The crop of that region was 
generally injured. Mr. Bailey informs the writer that a sugar-beet 
factory started at Eddy has since been put out of operation, and sugar 
beets have been raised there since only toa limited extent for feeding 
stock. The cultivated portion of the valley lies mainly in the Lower 
Sonoran life zone, but is so near the Upper Sonoran zone as to have a 
mixture of the species from the latter. 

During the summer of 1901 Mr. A. N. Caudell, of this office, spent 
some time in the collection of insects in portions of Colorado, and 
gathered some material found injurious to cultivated crops. Among 
this was the beet army worm, all stages of which were found on sugar 
beet at Palisades, Mesa County, and at Delta. At the latter place 
larvee were captured also on table beet, although they did not occur 
on this variety of the plant in injurious numbers. 

In a letter dated February 4, 1902, Prof. T. D. A. Cockerell fur- 
nishes the writer the information that this species, which he listed on 
page 35 of Bulletin No. 24 of the New Mexico Agricultural Experi- 
ment Station, as occurring in Mesilla Valley, New Mexico, had been 
reared by him from the larva depredating on cultivated onion. 


EARLIER RECORDS. 


The first record that appears to have been made, unpublished hith- 
erto, however, was by Mr. D. W. Coquillett, when employed as 
field agent of this Division in California. May 25, 1882, he found the 
larva at Anaheim, Cal. The following day the lary spun their 
cocoons, and moths began issuing on the 14th of the following month. 
At the latter date more larvee were found, of all sizes, feeding on 
corn, Chenopodium album and Amaranthus retroflerus. Some of the 
largest were placed in rearing cages, and June 22 crept beneath the 
litter in the cages and spun yery thin cocoons. ‘The moths issued 
the second week in July. An extended search for larve was made in 
the field July 8, but without success. November 5 still other larvee 
were found in the above-mentioned locality feeding on a species of 
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mallow (Malva borealis). Some of these began spinning their cocoons 
three days later, and by November 14 all had spun up. Two produced 
moths December 12. October 24, 1886, a larva was found at Los 
Angeles, Cal., feeding on Wicotiana glauca. This produced a moth 
November 21. Two years later, February 18, Mr. Coquillett captured 
a moth much worn. 

The above notes are of particular interest as showing new food plants 
and as verifying Professor Gillette’s observations on the hibernation 
of the species in the adult condition. 

We would naturally expect a somewhat different life history as 
regards dates of appearance and disappearance in localities in south- 
ern California, so different from that of Colorado. According to Mr. 
Coquillett’s observations, moths were rare in April, but became abun- 
dant the latter part of May and during June. Adopting the hypoth- 
esis, if it can be called such, that hibernation takes place as moth, some 
moths must appear in early April in order to produce mature larve as 
early as May 25. With the somewhat incomplete notes on actual field 
observations, it would appear that this species, like many other Noc- 
tuids, such as common species of cutworms, has a spring brood and a 
late autumn brood, but differs from most cutworms in the stage of 
hibernation. Between the first and second generations there is evi- 
dently a very long season of estivation or complete quietude passed 
under the ground when the larva does not feed. 


SUMMARY OF FOOD PLANTS. 


As with other Jarvee that frequently or occasionally migrate in num- 
bers, the beet army worm is lable to attack most forms of vegetation 
in its line of march. Sugar beet appears to be the favorite host plant, 
but table beets are also relished, and the larve feed quite as well on 
lambsquarters (Chenopodium) and pigweed (Amaranthus). They also 
attack saltbush or saltweed (Atriplex), all plants rather closely related 
to beets. When numerous they affect corn, potato, pea, onion, wild 
sunflower, the leaves of apple, mallow (Malva), MWicotiana glauca, 
Cleome, and plantain (Meyrick). They are also said to feed on wild 
orasses. 


NATURAL ENEMIES. 


A single enemy appears to be recorded for the beet army worm, a 
Tachina fly, reared at this office May 29, 1897, from a caterpillar 
received May 17 of that year from Mr. 8. A. Pease, San Bernardino, 
Cal. This is /rontina archippivora Will.,a rather common species on 
the Pacific coast, although it occurs eastward also. It is a parasite of 
Agrotis ypsilon, a destructive cutworm, as well as of other moths and 
some butterflies (Tech. Ser., No. 7, Div. Ent., p. 15). 
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Several remedies were tried in Colorado during the year of greatest 
infestation there with satisfactory results. These included Paris green 
and kerosene emulsion. Both killed the insects, checking their num- 
bers for the following year. Paris green was applied in the form ofa 
spray and dry, mixed with flour. Used with flour it cost about 80 
cents an acre. Two sprayings with the liquid preparation were found 
to be most effectual. 

When this species occurs in fairly injurious numbers the remedies 
that have been specified should be sufficient. When it is unduly abun- 
dant, however, army-worm remedies should be applied. The latter 
form of remedies is discussed in Bulletin No. 29 (n. s.), a copy of 
which will be furnished to anyone desiring it. 


NOTES ON WEBWORMS. 


During the last two years three species of webworms that occur in 
gardens and do more or less injury to various crops have been reported 
as the cause of damage in various parts of our country. These are the 
garden webworm, beet webworm, and imported cabbage worm, each of 
which will be considered under a separate heading. 


THE GARDEN WEBWORM. 
( Loxostege similalis Guen. ) * 


The reported injurious abundance of the garden webworm during 
the year 1900 in localities in three different States indicate that this 
species was somewhat generally destructive in that region that year. 
It is rather singular that, although the insect is widely distributed, real 
injuries by it appear to be confined to the States bordering the Missis- 
sippi River in the South. Some of the notes given show that it has 
even a longer list of food plants than have yet been credited to it. 

May 14, 1900, Mr. J. D. Mitchell, Victoria, Tex., reported this web- 
worm as abundant in his vicinity, where it was known locally as the 
grass worm, a name which it shares with the better-known grass worm 
or fall army worm (Laphygma frugiperda). Its favorite food in that 


“In early works this species has been generally referred to Hurycreon rantalis Guen., 
and now to Phlyctanodes similalis Gn. The following synonymy is credited by Sir 
G. F. Hampson (Pr. Zool. Soc. Lond., p. 210, 1899), in addition to eight names 
bestowed by Walker: 

Phlyctenodes similalis Guen. Delt. & Pyr., p. 405. 

Nymphula rantalis Guen. Delt. & Pyr., 405. 

Botys posticata Grote and Rob. Trans. Am. Ent. Soc., 1, p. 22, pl. 2, f. 25. 

Eurycreon communis Grote. Can. Ent., ix, p. 105. 

Eurycreon occidentalis Pack. Ann. N. Y. Lye., x, p. 260. 

The list of Walker’s names includes: Mbulea murcialis, Botys licealis, B. siriusalis, 
Scopula nestusalis, crinisalis, thodnalis, and diotimealis, and Nephopteryx intractella. 
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locality, according to our correspondent’s observations, appears to con- 
sist in the finer and softer forms of grasses, such as buffalo, crab, and 
joint grasses. In some seasons the caterpillars did great damage in 
patches. In ordinary years they were found here, as elsewhere, 
‘*worming” the so-called ‘‘careless weed” (Amaranthus spp.), par- 
ticularly in cotton fields. When other foods failed the larve attacked 
young cotton, but if the field was kept clean and well cultivated it was 
not injured. June 13 Mr. W. J. Patton, Springdale, Washington 
County, Ark., gave information that the moths were found everywhere 
in field and orchard in prodigious numbers, and that the greatest appre- 
hension was felt lest the larvee which would develop from the eggs 
deposited by the moths would do great damage. July 24 Prof. H. A. 
Morgan, Baton Rouge, La., wrote that this webworm was a pest upon 
cotton and alfalfa in the northern portion of his State. 

In the three instances of injury that have been cited communications 
were accompanied by specimens. 

The larva at maturity is somewhat variable in color, but such indi- 
viduals as have come under the writer’s notice from different sources 
are usually dull pale green above and dull greenish yellow on the lower 
surface. The dorsal surface is strongly marked with large shining jet- 
black piliferous spots, more or less distinctly relieved by a paler border, 
and there is a median double pale line in well-marked individuals and 
a lateral single whitish line, while below this line the piliferous spots 
are lighter. The head is dull gray, mottled with brown. The hairs 
proceeding from the tubercles are mostly single and black; some are 
in pairs, and those of the dorsal surface are surrounded by a small 
area of white, and of the ventral surface by a much larger area. Just 
before transformation larve become paler yellow. The length when 
full grown is a little less than an inch (21-23™). 


ORIGIN AND DISTRIBUTION OF THE BEET WEBWORM. 
(Loxostege sticticalis Linn. ) * 


For some reason writers on this species, which is shown in fig. 10, 
appear to have overlooked the fact that it is not native, but intro- 
duced from abroad, presumably on the Pacific coast, whence it has 
found its way eastward to Colorado and Nebraska. From specimens in 


“The following synonymy has been indicated by Hampson (Proc. Zool. Soc. 
Lond., 1899, p. 211): 

Phlyctzenodes sticticalis Linn. Faun. Suec., 1354. 

Pyralis fuscalis Hibn. Pyr. f., 45. 

Pyralis tetragonalis Haw. Lep. Brit., p. 385. 

Pyralis lupulina Cl. Icon., pl. ix, f. 4. 

The species is mentioned by Kaltenbach as Botys sticticalis Linn., and Meyrick 
(Handb. Brit. Lep., 1895, p. 418) preserves the better-known name of Lowostege 
sticticalis Linn. 


48 


the National Museum it seems that the insect was collected at Palmer, 
Utah, in July, 1869, which is evidence that it must have been intro- 
duced many years earlier. In 1873 it was found in central Missouri. 
It has been taken by Messrs. Dyar and Caudell in Denver, Salida, and 
Sedalia, Colo., by Cockerell on the top of the range between Sapola 
and Pecos rivers in New Mexico at about 11,000 feet elevation. It is 
also recorded from Winnipeg, Manitoba, as well as from several 
localities in Nebraska, Kansas, and Michigan. It does not appear to 
have been observed in Illinois, although search has doubtless been 
made for it on sugar beets cultivated in that State. Dr. Dyar,in a 
note to the writer, generalizes that the species is rather common 
throughout the Rocky Mountain range. 

Meyrick records this species as inhabiting England, Ireland, western 
and central Europe, and northern Asia, as well as North America, 
and mentions its occurrence on the upper side of the leaves of Arte- 
misia vulgaris and campestris. Kaltenbach also records Artemisia as a 
food plant. 


wa 


La 


ary 


ay 
qt 

aE) 
AF 
AP 
past | 
ote 
APS 
th 


Fic. 10.—Loxostege sticticalis: a, moth, twice natural size; b, larva, less enlarged; c, upper surface of 
first proleg segment of larva; d, side view of same, c, d, more enlarged (reengraved after Insect 
Life). 

There seems no reasonable doubt that we have another case of 
introduction from Asia into the Pacific States of this country, analo- 
gous to that of the beet army worm treated in preceding pages. There 
is this difference, however, that the present species was introduced 
many years earlier, has a much wider range, and is capable of sustain- 
ing life in several zones, from the Lower Austral, perhaps to the 
Transition. There is no doubt about the establishment of the species 
in the Colorado localities, but larvee do not appear to have been 
observed in the localities mentioned in New Mexico and Manitoba, 
which are obviously transitional. 


THE IMPORTED CABBAGE WEBWORM. 


( Hellula undalis Fab. ) 


Up to November 19, 1900, only one complaint of injury effected by 
the imported cabbage webworm reached this office. It was, however, 
reported froma new locality in Georgia by Mr. H. Walter Me Williams, 
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of Griffin, in a letter dated November 15. He stated that this insect 
had been very destructive during the season. December 1 he sent 
specimens, and stated that the insect had cost some of his neigh- 
bors several hundred dollars, the larvae having simply eaten the buds 
from all the ruta-bagas and turnips in the settlement, causing the 
plants to rot and fail to develop roots. May 7, 1900, Mr. J. H. 
Heard, Montreal, Ga., wrote that this webworm had made its appear- 
ance in his vicinity the previous year. 

During 1901 Mr. W. M. Scott, State entomologist, Atlanta, Ga., 
wrote, July 1, that this species was still prevalent in southern Georgia. 
During 1900 it appeared in injurious numbers at Augusta, Tifton, 
Albany, Marshallville, Fort Valley, and Meansville, its occurrence in 
these localities indicating that it was generally distributed throughout 
the southern part of that State. A Mr. Long, Leesburg, Ga., had 
informed Mr. Scott that only the week before writing this webworm 
had practically precluded the possibility of growing late cruciferous 
vegetables in that section. In 1900 his crop of late turnips was 
entirely destroyed by this pestas if by fire. October 28 Mr. H. Walter 
McWilliams reported this species still present at Griffin, Ga., and 
likely to remain. It devoured cabbage, ruta-baga, turnip, rape, ete. 
He had tried several mixtures, but without any noticeable good effects. 
November 9 Miss Blanche Dix sent larvae of this species from Beech 
Island, 8. C. In an earlier letter she referred to having observed this 
species present on cruciferous crop plants in that locality. 


THE RED TURNIP BEETLE. 


(Entomoscelis adonidis Pall. ) 


In a letter dated March 9, 1900, Mr. Percy B. Gregson, Waghorn, 
Alberta, Northwest Territory, wrote that this species was very abun- 
dant in several districts in his vicinity, and that even so late as Octo- 
ber, 1899, he had letters from farmers complaining of it. June 29 our 
correspondent sent specimens of the beetles noticed 7x co7tu at the time 
of gathering them, and when they reached this office July 9, eggs 
were found in the soil in which they had been packed. In 1901 this 
insect was also troublesome in the same region. 

This species is occasionally troublesome through its ravages on tur- 
nip, cabbage, and other crucifers in the Northwest. Up to date, how- 
ever, it has attracted little or no attention in the United States, 
receiving frequent mention, however, in different Canadian publiea- 
tions, chiefly by Dr. James Fletcher, in his annual reports as Entom- 
ologist and Botanist of the Dominion of Canada. 


DESCRIPTIVE. 


The beetle.—The adult of this insect, as its common name would indi- 
cate, is red; at first glance nearly scarlet. The under surface of the 
23987—No. 33—02——_4 
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body is black, as are also the eyes, legs, and antennz. The dorsal sur- 
face is mostly red, with the middle portion of the thorax black. The 
elytra are ornamented with three stripes. a rather narrow sutural one, 
and a shorter black stripe on each side, about midway between the 
suture and the margins. (See fig. 11.) The punctation of the elytra 
is dense and rather fine. The form of the body is elongate oval. The 
length is about one-fourth inch or longer. The species belongs toa 
genus represented by several forms in Europe, but it is the sole rep- 
resentative of its genus in this country. Zoologically, Entomoscelis 
is placed near Chrysomela; hence this insect is a relative of the Colo- 
rado potato beetle (Chrysomela | Doryphora| decemlineata). It is char- 
acterized by having a long metasternum and closed front coxal cavities, 
having the tibiz gradually but not strongly dilated at the apices, the 
outer face deeply concave, the distal edge 
obtusely angulated, and the claws simple. 

The egg is ellipticalin form, twice or a little 
more than twice as long as wide at its greatest 
diameter, deep blood-red in color, and finely 
hexagonally granulated, the areas being just 
discernable with a one-fourth-inch hand lens. 
Length, 1.50 to 1.60""; width, 0.75 to 0.80™™. 

The larva has been fully described by Doctor 
Fletcher and others, who will be quoted. 
When first hatched it is orange, with black 
Fie. 11.—Entomoscelisadonidis—  snots, but turns black in twenty-four hours. 

ey ae gee oa are ien wedge-shaped, and measures about 
2™™ in length. It undergoes two molts. In the second stage it meas- 
ures 3.25" when not extended. The body is now slug-shaped, flat- 
tened below and rounded above; not narrowed at the thorax, as is the 
‘ase with the larva of the Colorado potato beetle. In the third stage 
the larva measures about 5™™, and does’ not differ materially from 
the second stage. When fully mature the larva reaches a length 
of about one-half an inch (12™"). 

The pupa is bright orange in color, the wing, antennal, and leg 
‘ases, honey-yellow, the first mentioned bearing each three longitudinal 


strive. 
DISTRIBUTION. 


This species is common to North America, Europe, and Asia, and 
evidently belongs to what is known as the circumpolar fauna; in other 
words, it is not of recent introduction, but is native to the boreal 
regions of both the old and new world. 

According to Doctor Hamilton (Trans. Am. Ent. Soc., Vol. XXI, 1894, p. 397), it is 
to be found everywhere through the Rocky Mountains at 8,000 to 11,000 feet eleva- 
tion (Bowditch). A more exact list of localities includes Montana, Hesterburg’s 
Lane, Colorado (Cockerell); British Columbia; Fort Simpson and Mackenzie River, 
Alaska (Leconte); the Hudson Bay region, Minnedosa, Elkhorn, Brandon, and 
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Lorlie, Manitoba; Alberta, Saskatoon, Yorkton, Grenfell, Pheasant Forks, and Regina, 
Northwest Territory. According to Fletcher, it is rare toward the eastern and 
western limits of its range. The foreign distribution comprises southern Europe, 
including France, Austria, Germany, Roumania, Western and Eastern Siberia to 
Turkestan. 

DIVISIONAL RECORDS. 

Writing December 1, 1900, Mr. Gregson stated that immediately 
after the receipt of the writer’s letter, dated August 22, be paid a 
visit to the farm where Swede turnips were being injured by this 
species. Many of the beetles were still feeding, and he succeeded in 
securing a number of eggs, as many of the individuals captured were 
in copulation. About this time the weather turned very cold, snow 
falling to a depth of many inches, with an extremely low temperature 
for September, the result being that none of the eggs hatched. The 
eggs obtained by the writer at Washington during the extremely hot 
weather also failed to hatch. 

These observations are in uniformity with those made by M. Lesne 
in Roumania and Dr. Fletcher and his correspondents in the North- 
west Territory of Canada, conclusively showing that eggs do not 
hatch until the following spring. 

According’ to Mr. Gregson’s observations, the eggs are never found 
on growing foliage. They are deposited invariably under dead leaves 
and in similar rubbish on the ground, or under a small clod of earth 
or other shelter about the roots of turnip or other food plant. The 
larvee appear to attack plants chiefly at night. 

Writing August 15, 1900, our correspondent stated that he had 
recently left a district very badly infested with this species. One of 
the farmers whose crop was inspected had just planted out his third 
lot of young cabbages, and had also resown his turnips three times, 
each crop having been destroyed by this pest, larve and beetles of 
which were at work. 

September 6, 1901, Mr. Gregson stated that he had kept careful 
watch for this species during the year, and had made special visits to 
farms where in ordinary years he had always reckoned on finding plenty 
of the beetles. He had also received letters from different farmers 
who had been on the lookout for this species, but the insect had appar- 
ently entirely disappeared, at least temporarily, from that portion of 
Alberta, Northwest Territory. It is probable that atmospheric condi- 
tions have been responsible for the insect’s nonappearance during the 
year. In that vicinity an unprecedentedly wet year was experienced in 
1900, and a still wetter spring and summer followed in 1901. Assuming 
that this has been prejudicial to the beetles, it is quite evident that this 
species is largely dependent upon the weather for its multiplication, 
and that it prefers dry weather. This statement is borne out by M. 
Lesne, who writes that ‘‘droughts favor its multiplication while cold 
and rainy weather greatly retard it.” Had it appeared in consider- 
able numbers, Mr. Gregson writes he would certainly have heard of it. 
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HISTORY AND LITERATURE. 


Entomoscelis adonidis was given its specific name by Pallas in 1771 
(Reisen durch versch. Proy. des Russ. Reiches, etc., Vols. I, 2, p. 468), 
the description appearing under the genus Chrysomela. It has also 
been placed in the genus Pheedon (Kirby, Fauna Bor. Am.) and was 
described by Fabricius as ¢rilineata (Gen. Ins. Mant., 1777, p. 219). 
Kiinstler, Képpen, Weise, Témdésvary, Lesne, and other European 
writers have furnished descriptions of the larva. (See Rupertsberger 
Biol. Lit. Kafer Europas von 1880 an. ete., 1894, p. 259.) 

Rape (Brassica napus), Cochlearia draba, butter-bur (Petasites peta- 
sites [officinalis], and Adonis autumnalis have been recorded as food 
plants by European authors, as also thistle and barley (Korn). 

Of recent publications the reader is referred to Erichson’s Naturge- 
schichte der Insecten Deutchlands (Vol. VI, p. 310-3812) and Lesne in 
the Annales de la Société Entomologiques de France for 1890 (Vol. VI, 
pp. 177-179, figs. 1-9), for technical descriptions and bibliography, 
as also to Dr. Fletcher’s works, which will presently be mentioned. 
M. Lesne’s article is accompanied by an illustration of the larva. 

What appears to be the first instance of attack by the red turnip 
beetle on cultivated plants in America was recorded by Dr. Fletcher 
in his report as entomologist and botanist for the year 1887 (1888, p. 
19). He states briefly that he collected this species on turnips at 
Regina, Northwest Territory, in August, 1885. The beetles were 
noticed to be sluggish in their habits, like the Colorado potato beetle, 
and it was said that they did not occur in sufficient numbers to do 
much injury, although they were sufficiently abundant to show that 
with the increase in cultivation of its food plant the species might in 
time develop into a troublesome pest. 

In his report for 1891 (1892, p. 202), the same writer gives addi- 
tional notes in regard to the occurrence of this species in Northwest 
Territory and Manitoba. Extracts from correspondence are given 
from six different localities showing attack on turnip, cabbage, and rad- 
ish, it being noticed that rutabaga was very little troubled, provided 
other more preferred crucifers were available. The choice food 
plant appeared to be rough-leaved varieties of turnip in preference 
to smooth-leaved varieties and some other plants. 

In his report for the following year (pp. 152-155) Dr. Fletcher 
gave a still longer account of this species, with extracts from corre- 
spondence from several sources and detailed descriptions of the differ- 
ent stages with references to European publications. 

In 1893, according to the same writer’s report for that year (1894, 
p. 17), the species again attracted attention, it being noticed that the 
beetles made their first appearance according to Mr. Thomas Copland, 
Saskatoon, Northwest Territory, June 17, and that the beetles fed 
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upon a common cruciferous weed, the prairie wall flower (Zrys/mum 
parviflorum). 

Brief mention is made of this insect by Dr. Fletcher in the Trans- 
actions of the Royal Society of Canada for 1899-1900 (vol. V, 2d ser., 
p. 212). 

NATURAL HISTORY. 


From the sources of information that have been furnished, it 
appears that eggs are laid normally in autumn, although sometimes 
earlier, and that the species hibernates in this stage. The larve 
hatch in early spring long before cultivated crucifers appear above 
ground. According to Dr. Fletcher, the larvee feed both in the day- 
time and by night, and are comparatively active, although, as is well 
known, the lary of the larger leaf-beetles are mostly rather sluggish. 
When disturbed they drop from their food plant. 

The beetles seem to make their first appearance in the Northwest 
Territories during July and August, and do their worst injury through- 
out September, continuing in the field in some instances as late as 
October. The occurrence of the beetles in the latter part of June, as 
noted by Mr. Gregson, at Waghorn, is perhaps rather exceptional. 

Eggs are laid in clusters, loosely fastened together in the same 
manner as those of the Colorado potato beetle, and are deposited 
under clods or in cracks in the soil in similar locations. 

Larve have been noticed to bury themselves in the earth to a depth 
of about an inch, and to change at once, in small smooth cavities, to 
pupe. 

REMEDIES. 


The measures to be employed for the destruction of this turnip 
beetle are practically the same as those used against the Colorado 
potato beetle. Paris green is the best of these, and may be applied 
dry, mixed with from ten to twenty parts of cheap or spoiled flour, 
fine plaster, or air-slaked lime; or as a spray, mixed with lime or 
Bordeaux mixture at the rate of a quarter of a pound of the Paris 
green to 40 gallons of the diluent. In order to insure success, where 
the insect abounds in great numbers the wild food plants of the insect 
should also be treated. 

Hand-picking or jarring the beetles from infested plants into pans 
or other receptacles containing a little water on which a thin scum of 
kerosene is floating may also be employed. It follows, as a matter of 
course, that rotation of crops is advisable; and the planting of crops 
subject to the attack of this species, particularly crucifers, should be 
avoided in the vicinity of wild plants affected by the same species. 
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THE CROSS-STRIPED CABBAGE WORM. 


(Pionea rimosalis Guen. ) * 


This destructive enemy of cabbage and other cruciferous crops, 
after an apparently complete absence from the neighborhood of the 
District of Columbia in 1899 made its appearance in great numbers 
in May and June of 1900 in different fields of cabbage at Brookland, 
D. C., and was found later in most gardens in which cabbages were 
grown in near-by localities in the neighboring States of Maryland 
and Virginia. In nearly every case that came under notice that year 
the species was much more abundant on cabbage than the larva of the 
common imported cabbage butterfly (%eris rape), and it was noticed 
that although it works in much the same manner as this latter species, 
it dug still more deeply into the heads, and in many cases completely 
destroyed cabbage by eating out the hearts while young and tender. 

The insect continued to be the most destructive cabbage pest in this 
vicinity until late August, when it was replaced by the cabbage looper, 
and in some restricted localities and on other plants than cabbage— 
horse-radish, for example—by the harlequin cabbage bug. 

This species first became known as an enemy of cruciferous crops 
over twenty years prior to the date of writing, but since that time has 
not attracted the attention that would seem to be warranted by its man- 
ner of attack. For some reason it does not seem to have multiplied 
to any great extent during that time, except locally, until 1900. When 
conditions favor its increase there is no reason why it should not take 
rank as one of the foremost cabbage pests. 


DESCRIPTIVE. 


The moth is pale ocher yellow in color, the fore-wings much suffused 
with fuscous and brownish black, the pattern formed being about as 
shown in fig. 12, a, subject to some variation. The hind-wings are 
paler, nearly transparent except at the anterior angle, where they are 
infuscated. There is also a row of five or six small, dusky spots 
between the middle of each hind-wing and the inner border. The 
wing expanse is about 1 inch (25), and the length of the body less 
than half an inch (10™"), 

The eggs (fig. 12, 6) are laid in masses, and, being flattened and over- 
lapping like the scales of a fish, strongly resemble the masses deposited 
by Tortricide. The outline of an individual egg is rounded oval, 
the longest diameter being 1.2"" and the shortest diameter 0.9 to 
1.0". The egesare rather bright light yellow in color, and so thin that 
the green of the leaf on which they are deposited can be seen through 


“This species has been restored to the genus Evergestis by Sir G. F. Hampson 
(Rev. Pyraustidae, Pt. II, Pr. Z S. Lond., p. 186, 1899), and the genus Pionea is 
reserved for other species. 
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the middle, the yellow color showing strongest about the margins. 
The sculpture is fine, but strong and very irregular, the areas showing 
as irregular triangles, quadrangles, and pentagons (c). They are 
usually deposited on the under surface of the leaf and in masses of 
from one to two score, although smaller masses of from two to three 
or five eggs are not uncommon. 

The newly-hatched larva is nearly uniform gray in color, with small 
black tubercles and no visible evidence of striation. The head is 
round and prominent and nearly twice as wide as the body, and the 
hairs of the body are sparse and about as long as the width of the head. 

The full-grown larva.—The larva when mature is bluish-gray above, 
with conspicuous transverse black stripes. The head is yellowish or 
light brown, the thoracic plate mottled (fig. 12, ¢), and each segment 
has three or more well-defined, nearly straight or curved, transverse 
stripes. (On the second and third thoracic segments the first stria 
curves forward between the anterior tubercles.) The dorsal tubercles, 


Fig. 12.—Pionea rimosalis: a, moth; b, egg mass; ¢, sculpture of egg; d, larva; e, cocoon—a, d, e, twice 

natural size; .b, much enlarged; c, more enlarged (original). 
of which there are two pair of prominent ones in each segment, are 
gray, partially encircled with black. There is a wide stigmatal line 
of bright yellow extending from the second to the last segments, and 
above each spiracle there is a large prominent black tubercle. The 
ventral surface is green, somewhat mottled with yellowish, and the 
tubercles bear each a long, black hair about half as long as the width 
of the body. In form the larva is subeylindrical, moderately slender, 
about six times as long as wide, and the segments of the body show 
strongly at the sides. The length of the mature larva is about six- 
tenths of an inch, 15™" in repose, 17"" when fully extended, and the 
ereatest diameter is about 2.9™™, 

The pupa is of the usual pyraustid form, the wing-cases and head 
dark brown and the abdomen light yellowish brown. ‘‘ Head small, 
rounded, with a slight transverse notch anteriorly; wing, antennal and 
posterior leg-sheaths extending nearly to tip of fifth abdominal joint. 
Abdominal joints with sutures plainly marked, the two terminal joints 
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closely welded together and forming a conical tip, at the extremity of 
which are two very minute brown tubercles” (Riley). The length is 
11 to 12™”, or a little less than half an inch. 

The cocoon. —Transformation to pupa takes place in a cocoon formed 
of earth and constructed near the surface. The appearance of a cocoon 
is well illustrated at ¢ of figure 12. The measurement is a little less 
than five-eighths of an inch in length, and three-eighths of an inch in 
diameter. The outer grains of sand are rather loosely held together, 
but the interior is fairly substantial, the lining being of light-gray 
color, nearly white. 

DISTRIBUTION. 


So far as the writer is aware, no comprehensive list of localities of 
this species, or other data that give any idea of the insect’s distribu- 
tion, have ever been published. From material received at this oftice 
and at the National Museum, and from reports of correspondents, the 
following list of localities has been compiled: 

Newark and Dover, Del.; Cabin John, Marshall Hall, and elsewhere in Maryland; 
Cameron’s Mills, Carterton, Chesterbrook, St. Elmo, and Alexandria, Va.; Brookland 
and elsewhere in the District of Columbia; Lexington, Ky.; Springfield, Ohio; 
Auroraand Lafayette, Ind.; Mount Juliet, Tenn.; Carbondale and Anna, IIl.; Raleigh, 
N. C.; Montreal, Athens, Macon, and Storeyille, Ga.; Alabama; Lone Star, Oxford, 


and Aerioaltnral College, Miss.; West Point, Nebr. 

From the above list it would seem that the southern distribution of 
this species and its southern origin are well established. The moth 
has been recorded as occurring farther west and north, but injurious 
occurrences are lacking, at least in reports of injuries sent to this 
office. It seems, therefore, that the species attains its highest devel- 
opment in the Lower Austral life zone, although occasionally it 
invades the Upper Austral and even, perhaps, the Transition area. 
This, however, is only temporary. 


RECENT INJURY. 


During 1899 we received this species from Mr. E. Dwight Sander- 
son, at that time at Raleigh, N. C., September 18. They were found 
in numbers on cabbage. July 28, Mr. 8. 8S. Simms, Storeville, For- 
svth County, Ga., sent this species, also found on cabbage. Septem- 
ber 18, Mr. Thos. I. Todd, Athens, Ga., sent the species, with the 
accompanying information that it did great damage that year feeding 
in the buds and tender leaves of cabbage and turnip, and stated also 
that it was known as ‘‘the common webworm,” in contradistinction to 
the imported eabbage webworm (J//ellula undalis). He stated that 
this species succumbed to Paris green and pyrethrum dusted upon the 
plants, where the imported species did not. 

In 1900, Mr. J. H. Heard, Montreal, Ga., sent this cabbage worm, 
July 5, with information that it was concerned in attack on cabbage 
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in that vicinity. We received, August 6, specimens of this species 
from Dr. KE. K. Harding, Carterton, Va., where they were attacking 
cabbage. 

NUMBER AND OCCURRENCE OF GENERATIONS. 


Observations conducted during the season of 1900 indicate the pres- 
ence of four generations in the District of Columbia and vicinity. 
From larve obtained in the latter days of May and in early June in 
different fields of cabbage, in and near the District of Columbia, moths 
were obtained during the last days of June and until July 6. 

The second generation produced from the first of these moths and 
placed in a rearing cage July 2, issued August 1, having passed all 
stages in just thirty days, which will come very near to being the mini- 
mum period for this latitude, since the heat was excessive during the 
greater part of the month of July. 

The third generation began to appear in the rearing cages, on Sep- 
tember 1, from moths which issued August 1, or in thirty-one days, 
the temperature during that period, with the exception of a few days, 
having been about the same as in July. 

The fourth generation, as might naturally be expected, failed to 
develop in confinement, and it seems probable that this was the last 
generation produced in the field. This was only apparent, however, 
for after repeated failures to find the larva in the field, a colony was 
taken September 21 in a small head of cabbage. This last colony was 
obtained on the Department grounds, and was evidently the progeny 
of moths which had purposely been liberated from our rearing jars, so 
that it represents in all probability the normal fourth generation. 

It must not be supposed from the above that there is any such 
regularity of development except in a single season and in a given 
locality. At other times, from specimens gathered where the tem- 
perature was somewhat different, moths were reared July 14; larve 
were obtained, nearly all mature, July 30. From other lots moths 
have issued August 9 and 10. In one instance larvee were noticed to 
mature August 20, and to develop as moths September 1, giving ten 
days for the period occupied by the larva in the cocoon. Perhaps 
two or three days elapsed before the larve changed to chrysalides. 
In still another case larvee were found to enter the earth August 29 
and 30, and moths developed September 9, giving about the same 
period as just mentioned. 


SUMMARY OF LIFE HISTORY. 


Observations conducted by the writer go to show that in many 
respects this cabbage worm, although the larva of a moth, conforms 
very closely in its life economy to the imported cabbage butterfly. 
It is attacked by some of the same natural enemies, and appears to 
differ from the imported species only in unimportant details. Like 
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the imported worm, it makes its first appearance some time in April 
in the vicinity of the District of Columbia. 

The eggs hatch in six days in hot July weather, a longer time being 
required in a cooler atmosphere. The stage passed in the cocoon in 
warm weather has been observed to be ten days. Part of this time 
the larvee were probably quiescent. The exact pupal stage was not 
observed, but probably varies from six days to considerably longer, 
according to temperature. The period of the larva varies from two 
to three weeks, and perhaps longer in cool weather. 


NATURAL ENEMIES. 


The cross-striped cabbage worm is subject to the attack of small 
four-winged parasites of the genus Apanteles, and a few other natural 
enemies, including wasps, destroy it. ; 

Apanteles congregatus Say is recorded as having bred from material 
received in 1880 from Mississippi (Report Com. Agr., 1883, p. 127). 

A. utilis French was reared from material received from Lone Star, 
Miss., October 17, 1879 (Insect Life, Vol. III, p. 16). 

A. xylina Say was reared from cocoons on and with its host by Dr. 
A. D. Hopkins, Morgantown, W. Va., July 26. Of this latter occur- 
rence, Dr. Hopkins (I. c., Vol. IV, p. 259) remarked: ‘‘This species 
was found plentifully wherever the host was observed. Gardeners 
generally were destroying the cocoons, supposing they were the eggs 
of the caterpillars.” 

A, leviceps Ashm. issued September 30 from larvee obtained in 1899 
from Athens, Ga. 

A. alamedensis Ashm. was reared July 16, 1900, from larvee obtained 
from Montreal, Ga., and sent to this office by Mr. J. H. Heard. Fully 
half of the larvee (a large number) were parasitized. 

Meteorus indagator Riley MS., issued from material received from 
Oxford, Miss., September 1880 (I. ¢., Vol. III, p. 59). 


REMEDIES. 


In treating this species it should be borne in mind that ‘* worms” of 
other species as well as other cabbage pests are more often present than 
otherwise. 

Arsenicals.—The best remedy is Paris green applied either dry or 
wet, preferably, however, as a spray, at the rate of about one pound 
of the poison to 150 gallons or a little less of water, and it should be 
used when the plants are first set out, to insure its reaching the young 
larve or caterpillars before they have burrowed far into the heads; 
in other words, this poison should be applied in the same manner as 
for the imported cabbage worm, as the two species have much the same 
habits. Other applications should follow frequently, as required, and 
can be made with safety until the heads are about half formed, and 
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even later, as the poison, under ordinary circumstances, disappears from 
the plants within three or four weeks after being applied. 

Bran mash.—A mixture of bran with Paris green, a standard remedy 
for cutworms and grasshoppers, is, according to the testimony of those 
who have used it, successful against cabbage worms. It is best to mix 
the bran with water and sugar before adding the poison. The propor- 
tions are two or three ounces of sugar or other sweetening, and a suffi- 
cient amount of bran (about one pound to the gallon) to make, when 
stirred, a mixture that will readily run through the fingers. This is 
to be sprinkled either wet or dry upon affected plants. 

Kerosene emulsion has been used for many years against the imported 
cabbage worm, but is not as efficient as the arsenicals, because it is 
necessary for this spray to come into direct contact with the larve, 
in other words, to hit them in order to kill them. 

Pyrethrum has been used for some years as a remedy against the 
common cabbage worm, and is of use against the present species. It 
has the advantage of not being poisonous to human beings, but is said 
by some cabbage growers to discolor the leaves, and if its use is not 
continued at frequent intervals the larvee recover and continue their 
destruction. -It is therefore more expensive than the other remedies 
that have been mentioned. 

Mechanical methods.—For small gardens where for any reason it 
may be undesirable to use arsenicals hand-picking can be practiced and 
is of especial value when the plants are first set out. 

The corn-meal remedy.—Corn meal dusted on cabbage, according to 
the testimony of Prof. Lawrence Bruner, causes the worms of the 
imported cabbage butterfly to drop off and protects cabbage and other 
crops until washed off by rains. It is advised to apply it in the morn- 
ing while the dew is on. The meal acts as a deterrent. 

Clean cultivation and trap crops.—lf cooperation in clean farming 
could be secured, together with the use of arsenicals, the losses due 
to the ravages of this as well as other leaf-feeding pests of cabbage 
might be largely averted. The practice of leaving cabbage stalks in 
the field after the main crop has been secured is reprehensible. _Rem- 
nants should be gathered and destroyed, with exception of a few left 
at regular intervals through a field as traps for the females for the 
deposition of their eggs. These plants should be freely poisoned with 
arsenicals, where feasible, so that the last generation will not develop. 

Water as a remedy.—Washing the plants with a stiff stream from a 
hose is of value where this can conveniently be done. 

Hot water at a temperature of about 130° F. has been advised as a 
remedy against cabbage worms. Applied at this temperature it does 
practically no harm to plants and destroys all insects with which it 
comes in contact. 
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THE CABBAGE LOOPER. 
( Plusia brassice Riley.) 


The remarkable scarcity of this species during the entire spring, 
summer, and autumn of 1899 has been mentioned in an earlier article 
(Bul. 22, n. s., p. 59). It was, therefore, a cause of considerable sur- 
prise to find larvee in abundance during the last week of November in 
1900, the work of this species and Prer/s rapx being quite noticeable 
on the older leaves of cabbage. The finding of larve only a quarter 
grown showed that eggs had been deposited during the month. 

Larvee were kept ina cool indoor temperature and fed freely on eab- 
bage leaves. All but one, however, sickened and died within a week 
after capture. The last larve of this lot died when full grown, Decem- 
ber 11. Numerous larvee, however, were still living in the fields where” 
this species was under observation, all of the living ones observed 
being in first-class condition December 13. One larva was found less 
than half grown, showing that eggs had been deposited about the last 
week of November. 

The cabbage looper is an unusually voracious species, developing 
rapidly, and a single individual is capable of doing considerable dam- 
age, as when at work on pea. On cabbage, while the larvee are feeding 
on the outer leaves, the plant can more readily withstand defoliation. 
One looper was noticed to eat more than its own bulk each day. 


DESCRIPTIVE. 


The moth which produces this looper is of somewhat obscure appear- 
ance, although its markings are fairly regular and constant. The upper 
wings are grayish brown, mottled with gray, whitish, and blackish. 
Just on the inner side of the inner half of the wings there is a varia- 
ble white mark, looking, particularly in the male, something like 
the letter Y. The hind-wings are paler brown, with the latter half 
more or less infuscated, and both wings are strongly scalloped, as shown 
in the illustration. The veins of the hind-wings are rather strongly 
defined. The lower surface is pale brown, and both the upper and 
lower surfaces are shining. The wing expanse varies from about an 
inch and one-eighth to an inch and three-eighths. 

The egg.—Vhe egg is silvery white in color, with no appearance of 
iridescence, and as it rests upon a green leaf, the color of the leaf 
showing through causes it to appear pale green. It is of the usual 
semiglobular Noctuid form, the surface strongly marked with radiat- 
ing vertical ribs, about forty-eight in number as counted from the 
sides from which they project rather feebly but distinctly, and forty 
as counted from above where some vanish. Cross strive are not dis- 
tinct, but the spaces between the ribs are filled with rounded concave 
areas. The lower surface of attachment is nearly smooth and not 
ribbed. The diameter is about 0.6"" and the height 0.4™™. 
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The larva derives its name of looper from its habit of ‘t looping” 
in walking, due to the absence of legs on the sixth and seventh seg- 
ments. It is from the first a pale-green, fragile-looking creature. 
It varies considerably in color when mature; a large proportion of 
specimens that have come under observation are darker green than 
normal, and these are usually rather more strongly marked with the 
white lines shown in figure 
13 ate. Upon attaining full 
maturity the longitudinal 
white lines frequently disap- 
pear. In some individuals 
also there are rounded spi- 
racular spots on the three 
thoracic segments. 

An immature larva is 
shown in figure 14. 

The cocoon and pupa.— 
When the larva becomes full 
grown it constructs for 
pupation a remarkably fine, 
white, gauzy cocoon, which 
it usually attaches to the 
broad surface of a cabbage 
leat or other plant on which Fic. 13.—Plusia brassice: panies moth; b, egg shown 
it has fed. Strictly speak- from above in upper figure and from side in MEd 
; AUS . ce, full-grown larva in natural position feeding; d, pupa 
Ing, this is seldom a perfect in cocoon just before development of moth—a, ¢, d, 
cocoon, although some such about one-third larger than natural size; b, more en- 

. ° larged (a, ce, d, adapted from Howard; b, original). 

can be found, as it uses the 

surface of the leaf for protection on one side and the gauze on the 
other. It seems probable that this is quite efficient against many of 
its enemies; and it is in the larval stage that the insect usuually suc- 
cumbs to the numerous natural enemies which will presently be men- 
tioned. The chrysalis varies somewhat in color, being rather pale for 
a Noctuid, the wing-pads moderate brown, and the abdominal seg- 
ments yellowish. The total length is a little less than three-fourths 
of an inch. It is shown in its cocoon at d (fig. 13). 


TECHNICAL DESCRIPTIONS OF THE STAGES OF THE LARVA. 


Stage I.—Head higher than wide, bilobed, mouth projecting, clypeus high, nearly 
reaching vertex. Antenne long; free from joint 2, somewhat flattened; luteous 
brown, the sutures of clypeus dark brown, area around mouth black, epistoma red- 
dish, antennze pale; width 0.25"™. Body slender, moniliform, smooth. Whitish, 
translucent, pale green from the blood. Abdominal feet on joints 9, 10, and 13. Cer- 
vical shield trapezoidal, black, small but distinct. Thoracic feet blackish, abdom- 
inal ones grayish outwardly, no distinct shields. Joint 12 enlarged. Tubercles 
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small but round and distinct, normal, no subprimaries. ia to iib on thorax sepa- 
rate, iv of abdomen below the corner of the spiracle, halfway to y on joint 11. 

Stage I/.—Head higher than wide, mouth broad projecting, squarish shallowly 
bilobed, flattened before. Green, the broad sutures of the high clypeus blackish; 
width 0.45"". Large ocelli black, in a close semicircle, jaws reddish. Body slender, 
moniliform, joint 12 enlarged dorsally. Feet on joints 9, 10, and 13. Translucent 
green, a narrow white subdorsal (below tubercle ii) and stigmatal lines. Tubercle 
iii on joints 5 to 7 and less so on 8, enlarged, black. Others also black but minute. 
Setze long, black, pointed; subprimaries present, normal. Feet all pale and concol- 
orous; no shields. 

Stage I1I.—Head high, flattened before, held obliquely, vertex against joint 2, cly- 
peus two-thirds to vertex, the paraclypeal pieces broader than before and concolorous 
with the head. Antennze moderate, blackish ringed. Green, ocelli black, whitish 
ringed, setze black; width 0.7™. Body humped up in the legless part; joint 12 
slightly enlarged. Green, tubercles whitish with narrow black hair points, iii on 
joints 5 to 7 somewhat larger and black, largest on joint 6, not very conspicuous.~ 
Fine, irregular white lines, viz, geminate dorsal, small and subobsolete, addorsal 
(above ii), subdorsal (below ii), and stigmatal somewhat broader than the others 
yet narrow. Sete blackish, rather long. Tubercles of joint 12 somewhat enlarged. 
Feet absent on joints 7 and 8. Thoracic feet brownish at tips. Spiracles pale, con- 
colorous; tubercle iv below the stigmatal white line. 

Stage 1V.—Head as before, green, ocelli black centered; width 1.2™™. Body slen- 
der, joint 12 a little enlarged; feet on joints 9, 10, and 18. Cylindrical, incisures a 
little narrowed. Translucent green, the gsex glands in joint 9 large, pale yellow, 


Fic. 14.—Plusia brassicx: larva about half grown—somewhat enlarged. 


conspicuous. White addorsal line narrow, a broader subdorsal (above ii, over i), 
narrower lower subdorsal (below ii and near the subdorsal), narrow white stig- 
matal lines, all as before. Tubercles distinct, a little elevated, small, white, iii of 
joints 5 and 6 black. Feet concolorous, claspers and spiracles whitish; no shields. 
Setze blackish, rather long. Tubercle iv behind the spiracle on joint 5, below the 
lower corner on 6 to 8, opposite the corner on 9 and 10, halfway to y on 11, at 
the lower corner on 12. Tubercles i and ii on joint 12in a square. Lines irregularly 
edged and broken at the extremities. 

Stage V.—Head rounded squarish, slightly bilobed, flattened before, oblique, free 
from joint 2. Translucent shining green, antenne and palpi yellowish, ocelli black; 
width 1.8 to 2™. Body normal, moderate, joint 12 enlarged dorsally. Green, no 
shields marked with white lines. Addorsal narrow, crinkly; subdorsal (between 
i and ii) broader, upper lateral (below ii) and stigmatal narrow. Tubercles white, 
ili of joints 5 to 7 black, but small and inconspicuous. Spiracles white, narrowly 
black-rimmed. Feet green, the abdominal ones on joints 9, 10, and 13. Tubercle 
iv below the spiracle. Setze blackish but obscure. The larva occasionally comes 
darker colored. The ground color is darker green, more transparent, especially 
along the dorsal vessel and above the stigmatal line, making the lines more con- 
trasted and whiter. Tubercles iii are black the whole length, largest on joints 6 to 8, 
but plain on 5 to 12. Head brownish on the lobes. 

(Larva had only 5 stages. ) [H. G. Dyar.] 
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DISTRIBUTION. 


Although the cabbage looper remained undescribed until 1870, and 
there is no doubt that it is a native species, it has now become widely 
distributed throughout that part of the United States lying east of the 
Rocky Mountains, together with Utah, and from Maine to the Gulf. 
It is probably of somewhat remote southern origin, and is much more 
destructive in the southern portion of its range than in the most north- 
ern, if we except a few localities like New Jersey and Long Island, where 
it is periodically troublesome. We have no reports of destructive 
occurrence in Maine, and it is possible that the species is recorded only 
from fugitives there; and the same applies to some other northern 
localities which appesr in our divisional records. The moth appears 
to be a strong flyer, and has been recorded as far north as Winnipeg, 
Manitoba (Hanham), from captures; but it does not seem probable 
that injury has been committed there. 


RECENT INJURY. 


During the past three years much complaint has been made of the 
ravages of cabbage ‘* worms,” but, as a rule, the letters of complaint 
have not been accompanied by specimens, and we have thus not been 
able to identify the species. It seems probable, from the abundance 
of the cabbage looper, that this insect was often the cause of injury, 
although attack is frequently complicated by the presence of P%eris 
rapx, the common imported cabbage worm, and other species. 

During the year 1899 we received complaints of this looper from 
Athens and Montreal, Ga., and Rollover and China Spring, Tex. Mr. 
James I. Todd, of Athens, Ga., reported that in his locality this cater- 
pillar fed mainly on the older and lower leaves of cabbage, turnip, and 
rutabaga, but did nearly as much damage during 1899 as P/onea rimo- 
salis, which is treated in another paper in the present bulletin. At 
Evansville, Ind., where Mr. J. B. Walsh reported this species as 
injurious during the same year, it was currently reported that the gar- 
deners of that vicinity considered the species new as a cabbage pest. 
During the next two years we received complaints, accompanied by 
specimens, from Mr. J. L. Phillips, Blacksburg, Va., who stated that 
this looper was doing considerable damage to peas near Norfolk, hav- 
ing almost displaced the destructive green pea louse in point of injuri- 
ousness. Specimens were also received from Carterton, Va., and Cor- 
pus Christi, Tex., in both cases complaint being made of injury to 
cabbage. In the latter locality this insect was called the common cab- 
bage worm. In the vicinity of the District of Columbia the writer 
and Mr. Pratt at different times found this larva attacking pea, aspara- 
gus, common pigweed (Amaranthus retroflerus) growing between rows, 
lamb’s-quarters (Chenopodium album), mullein, plantain, and tomato. 
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ECONOMIC STATUS. 


It is nearly as difficult to define the exact status of an insect as regards 
destructiveness as it is to obtain reliable estimates of its injuries. What 
is true of one is about equally true of the other. We can obtain 
reliable information as to the relative injuriousness of an insect com- 
pared to others which affect a given crop in a given season over a 
small area, and we sometimes receive valuable estimates of injuries 
that have been inflicted over such small areas, but it is only with 
slight hesitation that the writer places the cabbage looper among the 
first three cabbage pests of this country, considering what has been 
written in regard to it. In view of its much wider distribution, its 
manner of attacking cabbage, and its destructive appearance so much 
earlier in the season, there can be no doubt that the imported cabbage 
worm (/%er/s rape) is our worst enemy to cruciferous crops; and next 
in order comes the harlequin cxbbage bug (Jlurgantia histrionica), 
after which comes the cabbage looper as the third in rank. 

Writing of this insect in 1870, Riley stated that, next after the 
cabbage worm mentioned, this was the most common insect which 
attacked cabbage in Missouri—a remarkable fact, considering that the 
species had not hitherto been described (2d Mo. Rept., p. 110). The 
same author, writing again in 1883 (Rept. Commr. Agric. for 1883, p. 
119), said that the larva of this species was the most destructive enemy 
to cabbage and other cruciferous plants known to the Southern gar- 
dener, and shared that distinction with the imported cabbage butter- 
fly as far north as Illinois and New Jersey. Since the time of the 
publication of that statement, however, the harlequin cabbage bug has 
become much more widely distributed and injurious, and has alone 
destroyed many fields of cabbage, as the writer can testify from per- 
sonal observation. * 

As previously intimated, owing to the fact that the cabbage looper 
comes late in the season, its injuries are not so noticeable, as ordina- 
rily it confines itself to the outer leaves of cabbage. It has a much 
wider range of natural food plants than the other two species men- 
tioned, and there is no doubt that some injuries done by it are attrib- 
uted to the common cabbage worm, as the latter is better known. 

Professor Sanderson has recorded an instance of unusual abundance 
in Maryland during 1898 (Practical Farmer, December 31, 1898). He 
states that most of the large cabbage growers of Maryland had lost 
between 75 and #0 per cent of their crops, and rarely could first-class 
heads be found in a kitchen garden. When from twenty-five to forty 
loopers were greedily devouring a single plant, as he frequently found 


“At the present writing, however, this species is held in check in many localities 
in its northern range by weather that has been inimical to its multiplication, and it 
may be a matter of some years before it regains the lost footing. 
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them, this is not surprising. The writer noticed much the same 
condition of affairs in portions of Maryland, Virginia, and the Dis- 
trict of Columbia which he visited that same year, entire fields being 
practically failures, the growers not taking the pains to gather any of 
the plants on account of the ravages of this pest. In most cases, how- 
ever, the writer had noticed other insects at work earlier in the year, 
and the loopers took what was left. The following year, as the writer 
has already recorded, the species was very rare, on account of the 
extreme cold and the sudden changes of the winter of 1898-99. 


LITERATURE OF THE SPECIES. 


Comparatively little has been published in regard to the cabbage 
looper when we take into consideration its excessive injuriousness. In 
addition to the accounts that have been quoted, Lintner published an 
article on this species in his Second Report on the Insects of New 
York (1885, pp. 89-93), in which, however, little is added to our 
knowledge of it, but the report in question gives a very full bibli- 
ography to date; and in Bulletin No. 23 of the Geneva Station, pub- 
lished in 1894, an account, by F. A. Sirrine, is given, on pages 667-671, 
with photographic illustrations. In 1893 Mr. G. C. Davis (Bul. 102, 
Mich. Agr. Expt. Sta., p. 27) made the statement that this insect was 
taken on celery in Michigan, the moth appearing July 14. 

In the American Florist for March 3, 1900 (Vol. XV, pp. 912, 913), 
Mr. Sirrine gave a short account of this looper in connection with 
injury to carnations, stating that it and the variegated cutworm were 
the worst of the transient enemies of this plant. Like the cutworm, 
he writes, it feeds usually at night on the buds. It can be carried in 
the house on plants, but more commonly the female moth finds her 
way indoors through open ventilators. 


FOOD PLANTS. 


This species feeds normally on Crucifere, favoring cultivated forms, 
and, when such are to be had in abundance, it is not often that the 
loopers feed to any extent on other plants in the same neighborhood. 
It appears to greatly prefer cabbage and cauliflower, but during its 
seasons of abundance attacks also turnip, rutabaga, radish, both culti- 
vated and wild, kale, mustard, and the like. Peas are frequently the 
object of attack, while cowpeas and beets are also eaten. Sometimes 
the insect is quite destructive to celery and lettuce, and will feed also 
upon tomato and, less frequently, on asparagus beds, clover, and 
possibly tobacco. 

It is sometimes a pest in greenhouses, when it does damage to 
carnations, mignonette, and German ivy (Senecio scandens). Other 
food plants include dock, dandelion, lamb’s-quarters, Japan quince 
(Cydonia japonica), plantain, mullein, and pigweed, 
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LIFE HISTORY. 


The pupal period varies greatly, according to the season. Thus, in 
hot weather in July a number of loopers were observed by the writer 
to transform to pup July 5 and to issue as moths on the 11th, or in 
six days, the temperature indoors averaging about 85°. Another lot 
of pupex taken from celery in the field October 7 did not develop moths 
until the 29th, or in twenty-two days. The weather was cool, but the 
temperature was not noted, so it is plain that we have a pupal period, 
varying according to temperature, of from one to three weeks. No 
definite records can be found of the duration of the egg or larval periods, 
but assuming three generations for the Upper Austral zone, where 
this species seems to attract more attention than in the South, we 
van safely assume from analogy with the observed pupal periods 
and other knowledge of related species that the egg period will vary 
from four to ten or more days, according to temperature; that the 
larva may undergo all its changes (five stages in number) in from 
two to four weeks, the minimum of two weeks being estimated from 
the fact that the larvee grow so rapidly, and the maximum, four weeks, 
from our knowledge that the insect breeds later in the season than 
nearly any other injurious species of its kind. 

In reviewing the life history of this species, Dr. Lintner (I. ce.) 
stated that there were only two generations produced during the year, 
and this is perhaps true of its extreme northern limit. Mr. Sirrine, 
however, states that it is apparently three-brooded on Long Island, 
and that hibernation probably occurs both as adult and pupa. 

If the last generalization is correct it would seem probable that four 
generations may possibly be produced in the District of Columbia, but 
the writer is inclined to believe that there are only three, and that 
hibernation takes place chiefly in the pupal stage. A fourth genera- 
tion is evidently attempted, but fails to survive the winter. 

The time when the moth makes its first appearance in the District 
of Columbia or elsewhere appears not to be recorded. Few individuals 
survive the winter northward, but the propagation of the species is so 
rapid that by the time autumn is reached great numbers of larve are 
produced which do much damage to crops in cultivation at this time. 


NATURAL ENEMIES. 
PARASITES. 

This cabbage looper is unusually susceptible to bacterial and fun- 
gus cliseases; it is also preyed upon by birds and other insectivorous 
animals and by parasitic and predaceous insects. Its most efficient 
insect destroyer in the field in Maryland, Virginia, and the District 
of Columbia is a minute chalcis fly (Copidosoma truncatellum Dalm.), 
an imported European parasite, which has evidently selected this 
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looper as its favorite host in this country. In Europe this chalcis 
fly is also particularly attached to the genus Plusia, although known 
to parasitize larvee of several other genera of Noctuids as well as 
other families. The habits of this parasite were described by Dr. 
Howard in the American Naturalist for February, 1882 (pp. 150, 
151). An interesting instance of its value as a destroyer of the looper 
is cited in the annual report of this Department for L882 (1883, p. 121). 
In the fall of 1880 nearly fifty larvee were collected, with the intention 
of rearing the moths, but all, with a single exception, were eventually 
destroyed by this parasite, only 2 per cent of the larvee having reached 
the imago state. As parasitized loopers approach full growth they 
lose their characteristic pale longitudinal stripes and become uniform 
pale green or yellow in color. Asa rule, in the writer’s experience, the 
larvee spin up before succumbing, and in a few days parasitism by this 
chalcis fly is clearly evident, since the pupz do not develop and the larvee 
assume a peculiar twisted form. Almost without exception the bodies 
of the parasitized larvee are completely filled with these almost micro- 
scopic parasites. By actual count 2,528 chalcis flies issued from a 
single parasitized larva. In recent experience the parasitic flies have 
been reared only from their host during the last week of September 
and in October. 

Apanteles congregatus Say, « well-known parasite of the imported 
cabbage worm (/’%er7s vapx) and other noxious species has been reared 
from this looper. 

It has been noticed on several occasions that when the larva of the 
looper forms its characteristic gauzy white cocoon on other plants than 
those on which larvee have fed, the individual is usually diseased or par- 
asitized. Thus, on one occasion the writer took five chrysalides from 
eggplant, although no evidence whatever could be found that the larve 
had fed on this plant. Larvee were found on eggplant, but not feed- 
ing, and all of these, although kept in the best of condition, died of 
disease or were parasitized by the Copidosoma truncatella. It may be 
interesting to note ofthis parasite that the adults issued in late Sep- 
tember, sixteen days after their detection in the body of the host. At 
Brookland, D. C., on one occasion all of the pup that could be col- 
lected were parasitized, an evident case of complete parasitism. 


PREDACEOUS ENEMIES. 


A medium-sized white-spotted black spider, Phédippus audax Hentz., 
was observed by the writer July 13, destroying the moth of this insect. 
This spider appears to be specially adapted to prey upon Plusia, since 
the web spun by it looks almost precisely like that of the looper. 
Other species of spiders crawl into the empty cocoons of the moth, and 
it seems probable that they feed on the larvie also when these are just 
about to transform. 


68 


Several species of Carabide and other predaceous Coleoptera have 


been recorded to occur in badly infested cabbage fields, with the pre- 


sumption that they had been feeding on the looper. (Rept. Dept. 
Agr. 1883, p. 120).* 

Mr. J. B. Dunn, Corpus Christi, Tex., wrote that he knew of only 
one insect that fed on this worm, a large black beetle locally known as 
‘pinch bug.” This insect was not sufficiently abundant, however, to 
keep the looper in subjection. Specimens kindly sent to this office 
proved to be the larva of a species of Calosoma, probably calidum, 
and the beetle Pastmachus californicus. He also wrote October 14 
that a bird locally known as jackdaw, and which Dr. C. H. Merriam 
identifies as either the great-tailed or boat-tailed grackle (Quésculus 
mucrurus or Y. major), was particularly fond of these cabbage loopers. 


These birds would alight in the fields and feed on the larvee daily until” 


they would **clean them up and save the crop.” During recent years, 
however, hunters and others had slaughtered these birds to such an 
extent that they now shunned civilization. Our correspondent thought 
this bird deserved protection. 


DISEASES. 


Bacterial disease.—During July some recently collected larve were 
found to be suffering froma disease. A larva thus affected first grows 
pale and yellow, and ina very few hours becomes weak and flaccid, upon 
death assuming an ashy gray color, which later may turn to brown or 
blackish. Diseased larvee usually become fastened by the prolegs to 
the plant upon which they have fed, and hang head downward, in 
time often becoming a putrid mass much like that observed of the 
common cabbage worm when diseased. In the jar in which these 
larvee were fed a cabbage leaf had been placed which was not quite 
fresh, and, evidently as a result of feeding upon that, the remaining 
larve contracted the distemper. and all were dead two days after the 
first appearance of infection. 

Diseased larve were referred to Mr. B. T. Galloway, Chief of the 
Bureau of Plant Industry, who wrote that, to the best of his knowledge, 
the organism concerned in the infection had never been described or 
named, but was apparently a species of bacillus. 

What is perhaps the first mention of a disease of this insect, and 
probably the same as under present observation, was by Prof. Herbert 
Osborn (Bul. No. 30, n. s., 1892). He states briefly that larve were 
attacked by a disease that swept off many of them. In Mr. F. A. 
Sirrine’s account, previously cited (I. ¢., p. 670), mention is also made 
of the disease and its occurrence in 1894 on Long Island. Mr. Sirrine 


“The following is the list: Cratacanthus dubius, Harpalus caliginosus, H. faunus, 
H. pennsylvanicus, and the laryze of Collops quadrimaculatus, Hippodamia conrergens, 
and LH. parenthesis. 
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states, however, that it was not noticed until the cold, wet weather of 
October and November set in. It should be added that the writer 
observed the same disease upon Plusia in the field during the last 
week of July, and that pup also suffered from it. This disease is 
readily communicable from one larva to others, and it frequently 
happens that if a diseased one is placed in an ordinary tin collecting 
box over night all of the others that may be confined with it develop 
the disease in a day or two. 

Fungus disease.—One of the fungus diseases from which Plusia 
larvee die is Botrytis riley? Farlow. The affected worms, according to 
Riley, become sluggish and then die, after death appearing stiff and 
brittle and firmly attached to the leaves or stems upon which they 
have died. They are profusely covered with a greenish mold. 


REMEDIES. 


The same remedies as advised for the cross-striped cabbage worm 
should be used against the present species. It should be observed, 
however, for the benefit of our correspondents, that they must be 
used with great persistency at frequent intervals in order to insure 
perfect success, and should be applied to the lower surface of the outer 
leaves. The’killing off of the first generations of the insect should be 
particularly observed, but this will be of little or no avail if other 
‘abbage growers within several miles of the same locality do not take 
the same precautions. One of our correspondents, Mr. Dunn, pre- 
viously referred to, tried Paris green and lime, and succeeded in kill- 
ing all of the common cabbage loopers. 

Notwithstanding this, however, the writer noticed during September, 
in the vicinity of the District of Columbia, an entire field of cabbage 
which had been liberally dusted with Paris green and plaster mixed 
at the usual rate of 1 pound of poison to 20 pounds of plaster, with no 
perceptible effect upon these insects. The first application had been 
made about two weeks previous, another had been made within five 
days, and yet the larve were feeding quite contentedly on the lower 
surfaces of the leaves in their usual manner and no dead were to be 
found under the plants or elsewhere. This simply indicates that the 
poison, as previously stated, should be applied to the lower surface, 
and preferably in the form of aspray. Mr. Pratt, who observed this 
species at Chesterbrook, Va., noted the same results. After a rainfall 
egos hatch, and the larve are able to do injury without being atlected 
by the poison. 

A NEW CABBAGE LOOPER, 
(Plusia precationis Gn.) 

The larve of this species in different stages of growth were observed 
during 1899 and 1900 attacking cabbage and some other plants in two 
gardens in the District of Columbia. The same insect was observed 
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the previous year in less numbers in the same gardens. Cabbage does 
not appear to be recorded as a food plant of this insect, and in fact its 
habits are little known. 

RECENT ATTACK. 


June 1-3, 1899, this species first came under the writer’s notice, 
when a few larve nearly grown and several less mature were observed 
on cabbage. June 5 an immature individual was brought to the 
writer by Mr. T. A. Keleher, of this office, who found it feeding on 
cultivated morning glory, and June 19 a larva was taken by the writer 
feeding on common pigweed (Ambrosia artemisixfolia). The indi- 
viduals found were so few in number that it was impossible to trace 
the species through its life history. The following June, however, 
larve were present in greater abundance, all on cabbage. 


DESCRIPTIVE. 


The moth of this species is a little larger and more graceful than 
that of the cabbage looper. The general color of the fore-wings is a 
beautiful bright shining brown, variegated with bronze, purple, and 
pale-fawn color. The fore-wings are not so strongly scalloped as in 
the species mentioned, but the hind-wings are similarly colored, and 


Fic. 15.—Plusia precationis: a, female moth; b, larva extended, feeding; ¢c, pupa in cocoon—all some- 
what enlarged (original). 


the veins are equally noticeable. In the common looper the white spots 
on the fore-wings are chalky-white, while in this species, although 
they are of very similar form, they are decidedly silvery, and the two 
portions are usually well separated (see fig. 15, a.) The thorax is 
also brown, and the abdomen fawn-colored, while the Jower surface is 
similarly but a little more strongly marked than that of the common 
looper. The wing expanse of specimens at hand shows a variation 
from an inch and an eighth to nearly an inch and a half. 


The penultimate stage.—In next to the last stage this larva lacks _ 


the characteristic markings of the mature form. It is very much 
more slender, and looks, in fact, more like a Geometrid than a Plusia. 
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It is of nearly the same green color, but the sides of the head and the 
legs are not marked with black. There are two white undulating 
stripes on each side of the middle of the dorsum and a broad yellowish 
white stripe above the stigmata. In most individuals one or more of 
the abdominal segments bear on each side a black suprastigmatal 
tubercle. 

The last stage.—In the last stage the larva may be readily distin- 
guished from the common cabbage Plusia by the long eye-like ellip- 
tical spots on each side of the head. The hind pair of thoracic legs 
are nearly black, the middle pair a little lighter, and the front pair 
still paler. The dorsum is mottled with white, the lines being irreg- 
ular, and the dorsal tubercles, of a green color, being quite prominent. 
The lateral stripe of the abdomen is broad, white, and well defined. 
In some individuals on the first two or three abdominal segments the 
suprastigmatal tubercles are black, but imagos hatched from larv: 
thus colored look no different from those hatched from unmarked 
larve. There is also considerable difference in the arrangement of 
the white marks on the back, the same being true of the common 
cabbage Plusia. In some individuals these white marks show as four 
strong undulating stripes, while in others half a dozen or more very 
irregular striped markings are seen. In one individual the black 
lateral spot on the head was much less strongly detined than in the 
others. When fully matured the larva measures in its natural slightly 
curved position about one inch in length. In figure 15, 6, a larva is 
shown extended in a position which it often assumes. 

The pupa (c) does not appear to have been described. It is not likely 
that it differs in any important particular from that of P. brassice. 

The eggs have not been compared with those of P. brassice, but it is 
more than probable that they are nearly identical, and, in fact, the 
species differs very little in structure and life history from that of the 
common cabbage looper. 


DISTRIBUTION. 


Smith states that this species occurs in the United States east of the 
Rocky Mountains from May to October, also in Canada. Exact records 
of localities are rather meager. They include Canada; Cambridge, 
Mass.; Sharon, Pa.; Dayton, Ohio (Pilate); Woodstock, Ill.; Wiscon- 
sin; and the District of Columbia. Hanham states that this species is 
rare at Winnipeg, Manitoba. It does not seem probable that the 
insect breeds there, but is merely a stray from a more southern and 
congenial locality. 

HISTORY OF THE SPECIES. 


The biological literature of this looper is quite limited, which is to 
be explained by its seldom having been found attacking useful plants. 
In the year 1869 Dr. A. S. Packard made mention of this species in 
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his first edition of the Guide to the Study of Insects. He states on 
the authority of Mr. Saunders that the larva, of which he gives a brief 
description, feeds on the hollyhock in August. He also makes men- 
tion of Plusia larve figured by Glover in his work on insects injurious 
to the cotton plant, but as this work was never published, in the true 
sense of the word, it need not be further mentioned here. 

In the late Dr. Riley’s second Missouri Report (p. 112), published 
in L870, this species is briefly treated in connection with a discussion 
of Plusia brassice. He states that it occurs commonly on thistles 
and proposes the name of thistle Plusia. The larva is said to differ 
from the cabbage Plusia only in haying the sides of the head, the 
thoracic legs, a row of spots above the lateral light line, and a ring 
around the breathing pores, black. 

In the Canadian Entomologist (Vol. XIII, pp. 21-23) for February, 
1881, Mr. D. W. Coquillett, now of this office, published an article 
entitled, ‘*On the early stages of usta precationis Guenee.” Sub- 
sequently, in the same publication (Vol. XIV, p. 60), Mr. Coquillett 
calls attention to the wrong identification of the species, the insect 
which he had under observation being P. s/mplex and not precationis. 

The species is again referred to in connection with a consideration of 
Plusia simplex by My. Coquillett in the Eleventh Report of the State 
Entomologist of Illinois in 1882 (pp. 88-42). From studies made at that 
time of the larvee of these three species of Plusia, deductions were 
made that //usta simplex ditters from brassice only by the black 
rings around its breathing pores, and that both of these larve differ 
fom precationis by lacking the black stripes on each side of the head. 
Unfortunately, as the writer has previously observed, some examples 
of brassicxe also have these black rings about the breathing pores. 

No extended observations have been made on the life history of this 
species, but it is probable that it will be found to agree perfectly with 
P. brassice when it occurs in the same localities. Such individuals as 
were under observation by the writer transformed to pup in seven, 
eight, and eleven days, pupation beginning in three instances in early 
June, and in two in late June, the eleven-day period being passed in 
unseasonably cool weather. 

It should be added that there is in the National Museum a moth 
reared October 4, 1882, on Gerardia pedicularia (presumably in the 
District of Columbia), and of a Proctotrypid, bred from the cocoon of 
this species March 29 of the same year. 

The name of eyed-cabbage looper is proposed for this insect. 

REMEDIES. 

This species would yield to the same remedies as advised for the 
common cabbage looper, namely, Paris green, best applied in the form 
of a spray, but it is usually not abundant, and hand-picking would 
suffice on small patches of cabbage or other plants affected. 
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THE CELERY LOOPER. 


(Plusia simplex Guen. ) 


In some portions of our country, as, for example, in Illino s, this 
species to a certain extent takes the place of the cabbage looper 
(Plusia brassice Riley). It is stated to be the commonest species of 
its genus in Illinois, and is rather generally distributed in the United 
States east of the Rocky Mountains, from Canada to New Mexiec. In 
most places, however, where it has come under observation it is con- 
siderably rarer. It is described by Messrs. Forbes & Hart as a very 
destructive celery insect, and has been bred by them from sugar beet, 
and by Mr. Coquillett from lettuce as well as celery. To the latter 
we are indebted for our principal account of the species. 


DESCRIPTIVE. 


The moth (tig. 16) is decidedly dissimilar to that of the cabbage 
looper, having a greater wing expanse, nearly two inches, entirely 
different coloration, and differently shaped upper wings. These differ- 
ences are brought out quite distinctly in the accompanying illustra- 
tion. The lower edges of the fore-wings have a well-defined conical 
projection. ‘The border 
is not scalloped, the color 
is somewhat purplish 
brown, the darker shades 
being velvety brown. 
The silver marks are 
very distinct, and form 
the pattern illustrated. 
The hind-wings are 
ochreous or yellowish 
brown, strongly banded with dark fuscous, particularly toward the 
white border. The ground color of the thorax, fore-wings, and 
abdomen is duller than that of the hind-wings. The lower surface is 
pale ochreous, with a rather distinct darker band running through 
both wings near the middle. 

The egg 1s described by Coquillett as milky white, flattened, globular, 
or turnip-shaped, sometimes with an impressed spot in the center of 
the upper surface. The upper half of the egg is grooved vertically; 
the grooves are narrow and the spaces between them roughened. The 
transverse diameter is about ,4) inch. 

The larva (fig. 16) is similar to the cabbage looper, and in the examples 
seen rather more robust posteriorly. The color is very pale yellowish 
green, and the markings are very similar to those of the cabbage 
looper, but all of the larvee examined have the supra-spiracular spots 
black, which only occasionally happens with the cabbage species. 
The length is about the same, 1} inches when fully extended. 


Fic. 16.—Plusia simplex: male moth at left, larva at right—some- 
what enlarged (original). 
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The pupa has never been described by comparison with related 
species. It is in most respects like that of the cabbage looper. 

A more detailed description of the moth has been given by Thomas 
in his fourth report as entomologist of the State of Illinois (9th 
Report, St. Ent., Ill., pp. 47, 48), which is quoted in Mr. Coquillett’s 
account, which was published in the Eleventh Report of the State 
Entomologist of Illinois, 1882 (pp. 38-43). 


DISTRIBUTION. 


The celery looper appears to be a Transition species, but it is fre- 
quently taken also in the Upper Austral region, where it breeds in 
certain localities, particularly westward. Possibly its being more abun- 
dant in cold climates will account for the scarcity of reports of injury. 
Smith reports its occurrence in Hudson Bay territory, Canada; in the 
United States east of the Rocky Mountains—Colorado at 12,000 feet, 
and New Mexico; also that it appears throughout the season. Our 
National Museum collection, with some other sources of information, 
shows the following list of localities in addition to those that have 
been mentioned above: 

Maine; Massachusetts; Rochester, Rhinebeck, and Poughkeepsie, N. Y.; Wash- 
ington, D. C.; Westpoint, Nebr.; Caney, Kansas; Merino Valley, New Mexico; Longs 
Peak, Colo.; Wisconsin; St. Louis, Mo.; Portland and Albina, Oreg. Several of these 
localities are furnished on authority of Dr. H. G. Dyar. In New York, in the region 
specified, he captured specimens on different occasions during the last week of July; 
in Oregon, during the second week of May. 


DIVISIONAL RECORD. 


There is a single divisional record in regard to the biology of this 
species. April 10,1893, we received from Mrs. J. 5. Maurice, Caney, 
Kans., a moth stated to have been observed on blossoms of apple. 
This had deposited eggs en route, and some larvee began feeding as 
soon as received. By May 2 they had nearly completed their growth, 
and the following day the first larva spun up. As it takes from one to 
three days for larve to transform, and the first moths did not issue 
till May 20, the pupal stage in this instance may be placed at fifteen or 
sixteen days. The larval stage during the same period was approxi- 
mately three weeks. Larve fed on weeds with which they were sup- 
plied, but as there is no evidence that these wefe natural foods their 
names need not be mentioned. 

We have no information as to any natural enemy of this species. 

REMEDIES. 


The same remedies advised for the cabbage looper would, of course, 
be applicable to this species when it occurs in injurious numbers. — It 
is necessary, however, that whatever remedy is employed be used 
also on wild food plants, including weeds, which this insect affects. 
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NOTES ON DIPTEROUS LEAF-MINERS ON CABBAGE. 


The leaves of cabbage, radish, and other cruciferous plants are 
liable to injury from the attack of maggots of the families Drosophil- 
ide and Oscinide. Three species have been identified with such 
attacks in this country, and a fourth can now be added. It seems 
probable if the leaves of cruciferous crops in various portions of the 
country were carefully examined, we might find that several more 
species have this habit. They are not of themselves particularly 
destructive, but they contribute their share toward the injury of these 
plants, different species of cabbage worms being the principal enemies, 
except in regions where such other pests as the harlequin cabbage 
bug and the cabbage plant-louse are most numerous. 

The Imported Turnip Leaf-miner (Scuptomyza flaveola Meig.).—This 
appears to be the most abundant species, and has received attention 
by Mr. D. W. Coquillett in an article in Insect Life (Vol. VII, 1895, 


Fic. 17.—Scaptomyza flaveola: a, larva; b, puparium; c, adult; d, antenna of fly; e, work in radish leat— 
natural size; all others enlarged (reengraved after Coquillett). 
pp. 851-383). Since that publication was issued the writer reared 
the same species from the leaves of cabbage in the District of Colum- 
bia, the adult issuing June 7, 1900. October 4 of the following year 
the same species was obtained from cabbage at Tennallytown, D. C. 
It was noticed that the mature flies were quite sluggish in the cool 
temperature which prevailed at that time. Being interested in this 
group of insects, the writer obtained from Prof. H. Garman, of the 
State agricultural experiment station at Lexington, Ky., a specimen 
of the species which he described and figured on pages 46-51 of 
Bulletin No. 40 of that station as Drosophila sp. This was pro- 
nounced by Mr. Coquillett to be the same as that figured in Insect 
Life, and mentioned under the name of Drosophila flaveola. It is 
illustrated herewith (fig. 17). Mr. Coquillett has since adopted the 
generic name of Scaptomyza. <A short notice is given of this species 


by Dr. W. E. Britton (19th An. Rept. Conn. Agr. Expt. Sta. for 1895 
[1896], p. 204). He mentions it as aleaf-miner of the cauliflower, and 
states that some plants growing in the shade were seriously injured, 
while others finally died. 

In looking through the material in the National Museum references 
have been obtained to rearings of this species which have evidently 
never been made public. Adults were reared September 9, 1885, from 
‘‘holls” of horse-nettle (Solanum carolinense)—no locality given, but 
with little doubt the District of Columbia or vicinity. July 15, 1894, 
the flies were reared from Iceland poppy (/’apaver inedicinale) received 
from Mrs. Celia Thaxter, Appledon, Isle of Shoals, off Portsmouth, 
N. H.; and April 21, 1900, flies were again reared, from the District 
of Columbia, from larvee mining the leaves of mouse-ear or thale-cress 


(Stenophragma thaliana), a cruciferous plant naturalized from Europe. . 


The Native Cabbage Leaf-miner ( Scaptomyza adusta Loew.).—This was 
reared with the preceding from the same locality, adults issuing from 
December 22 to 28. They outnumbered the preceding species three 
to one, and it is not improbable that this is the most abundant form 
of dipterous leaf-miner attacking cruciferous crops in the South. We 
have an earlier record of the rearing of this same species from a growth 
resembling a gall or fungus on the stems of water lilies, obtained by 
Mr. Albert Koebele in Virginia, near the District of Columbia, August 
24.1883. The flies issued September 8, and four days later a different 
species was reared." 

We have no very complete knowledge of this insect’s distribution. 
It occurs, however, from Maine to Florida, and westward as far as 
Illinois. From specimens in the Nutional Museum we have the fol- 
lowing localities; Eastport, Me.; Washington, D. C.; Virginia; Bis- 
ayne Bay, Fla.; Augusta,Ga.; Algonquin, Ill. The insect was described 
from the United States, and is evidently indigenous to our soil. 

The Imported Cabbage Leaf-miner (Scaplomyza graminuim Fallen).— 
This was reared December 22, 1898, from leaves of cabbage received 
from Augusta, Ga. This is the second rearing of the species from 
cabbage, the first having been made by Dr. A. D. Hopkins in West 
Virginia. It is probable that in time this miner will be found to 
develop in many other plants, since in Europe it is known to attack 
chickweed, cockle, lamb’s quarters, and two genera of catchfly or cam- 
pian (Viscaria and Silene). 

April 5, 1902, Prof. H. A. Morgan, Baton Rouge, La., sent speci- 
mens in all stages, with the statement that this species was found with 
the corn stalk-borer in sugar cane in that vicinity, and the larvee were 
confused with the young of the true borer. 

In Europe this species is common and widespread, and the same 
is true of its distribution in this country, although it appears to be 


«This was determined by Mr. Coquillett as Crassiseta nigriceps Loew. 
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more abundant in the North. Possibly, however, this is only appar- 
ent, and it may be found to occur also throughout the South, as it 
was once taken at Texas College Station by Prof. F. M. Webster on 
wheat. The distribution taken from specimens in the National Museum 
includes, besides the District of Columbia and West Virginia, White 
Mountains, N. H.; Beverly, Mass.; Connecticut; and Detroit, Mich. 

It is subject to parasitism, but the species of parasite does not appear 
to have been identified. 

The Native Clover Leaf-miner (Ayromyza diminuta Walk.).—During 
the year 1900 this species was several times reared at this office by Mr. 
Th. Pergande and the writer from larve mining the leaves of hedge 
mustard and smooth rock cress (Arabis leevigata) as well as cabbage. 
The adults issued from the third week in May to the first week in 
June. The species is treated in the Annual Reports of this Depart- 
ment for 1879 (p. 200) as Oscinis trifoli7, and 1884 (p. 322) as O. bras- 
sice. The above name is suggested to distinguish it from preceding 
forms. 

REMEDIES. 

Nothing of value of a remedial nature has been attempted in the 
treatment of these leaf-miners, as far as the writer is aware, and it 
seems improbable that the application of any poisonous mixture would 
destroy the larvee at any stage of their growth. Fortunately none of 
these leaf-miners is, as a rule, very injurious; at least we have no 
records of injuries to large interests. In small kitchen gardens the 
insects can be controlled by clipping the infested leaves as soon as the 
larval mines are found, and destroying them. 

It is possible that the flies might be attracted to cans of decompos- 
ing turnip or cabbage leaves, sightly sweetened to assist fermentation, 
and that, if a slight amount of Paris green, arsenic, or other arsenical 
be dropped in these cans, it would effect the destruction of many flies. 
Such cans should be distributed about infested fields. The cabbage 
grower should know by observation when to expect the flies in his 
vicinity. 


THE FOUR-SPOTTED CABBAGE FLEA-BEETLE. aor 


(Phyllotreta bipustulata Fab. ) 


Throughout the summer, from May to September, during the past 
three years the writer has found this species of flea-beetle, though some- 
what sparingly, in the District of Columbia and neighboring parts of 
Maryland, on cabbage, turnip. hedge mustard (S/symbrium offier- 
nale), charlock (Brassica arvensis), and shepherd’s purse (Bursa bursa- 
pastoris). 

Phyllotreta vittata, the striped cabbage flea-beetle. was comparatively 
rare the first year, and bipustu/ata was apparently more numerous 
than in former years, which will account for its being noticed on so 
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many plants. The latter has not previously been recorded, to the 
writer's knowledge, to occur on any particular plant, although it is not 
improbable that observing collectors are familiar with its occurrence 
on Crucifere. Its life habits have apparently never been studied, so 
it is not known whether the larva is a leaf-miner 
or root-feeder. The beetle appears here at about 
the same time as the more injurious w/ftata, the 
first observed date being toward the end of April. 
Egg deposit has been observed as late as August 4. 

The name above used is suggested for the species. 

This flea-beetle (fig. 18) resembles a7ttata but 
averages slightly larger, and each elytron is orna- 
mented with two large irregularly oval yellow 


basal 5 joints of the antennz are paler than the 
FiG. 18,—Phyllotreta bipus. YeMainder and the legs are more or less rufo- 
tulata: beetle—highly testaceous. The above characters will serve to 
magnified (original) distinguish it from individuals of véttata in which 
the vitta is broken near the middle. 

The distribution accorded by Horn (Tr. Am. Ent. Soc., Vol. XVI, 
1899, p. 300) is from Pennsylvania to South Carolina. The writer has 
a series from Ithaca, N. Y., and these localities, together with those 
from the Hubbard and Schwarz and other collections in the National 
Museum and a few recorded localities, give the following list: 

Lancaster, New York, Ithaca, N. Y.; Camden, Anglesea, Orange Mountains, Fort 
Lee, Hudson County, and elsewhere in New Jersey; Pennsylvania; Marshall Hall, 
Md.; Washington and Tennallytown, D. C.; Rosslyn and St. Elmo, Va.; Grand 
Ledge. Mich.; Marietta, Ohio; Berkeley Springs, W. Va.; central Missouri; Iowa; 
South Carolina; and Columbus, Tex. 


MISCELLANEOUS NOTES ON SOME CABBAGE INSECTS. 


The Cabbage Curculio (Ceutorhynchus rape Gyll.).—This species, an 
account of which was published in Bulletin 23 (n. s., pp. 39-50), made 
its appearance in still greater numbers in 1900 than in the previous 
year, and was found in some localities in abundance where it was 
scarcely seen on previous occasions. 

At Cabin John, Md., all of the cabbage plants examined showed 
attack by this beetle, one or more individuals being always to be 
found on each plant. The beetles confined their feeding to the edges 
of the leaves, as previously noticed. Kale was attacked in about the 
same proportion, the beetles attacking the pods. Attack was confined 
to the individuals of the new generation, but the extent of injury 
could not be estimated. Shepherd’s purse (Bursa bursa-pastoris) was 
found on different occasions to harbor the beetles, and it seems prob- 
able that this plant and kale serve as food for the larvee as well as for 
the beetles. 


spots, one humeral, the other subapical. The - 
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Dr. Sylvester D. Judd reported to the writer that of six specimens 
of the rough-winged swallow (Steligidopteryx serripennis) shot at 
Marshall Hall, Md., July 8, 1898, three had eaten this beetle, as shown 
by an examination of the contents of their stomachs. 

The Seed-stalk Weevil (Ceutorhynchus quadridens Panz).—After the 
publication of the writer’s note (Bulletin 23 n. s., p. 51) on the identity 
of this species with (C. servesetosus Dietz., reference was noticed to the 
same species in Mr. M. V. Slingerland’s Bulletin 78, of the Cornell 
University Agricultural Experiment Station, page 503. The remarks 
in question form a footnote in the discussion of the cabbage-root 
maggot, and the statement is made that this weevil is a very serious 
pest in the great cabbage seed-growing region on Long Island. To 
make certain of the identity of the species, Mr. Slingerland kindly 
sent specimens from Nattituck for comparison with named specimens. 

Pemphigus sp.—February 14, 1901, Mr. S. A. McHenry, of the 
Beeville substation of the Texas Experiment Stations, sent specimens 
of an unknown species of Pemphigus, stating that it was doing injury 
to the roots of cabbage in the vicinity of Beeville, some of the fields 
being reported as totally destroyed. One person who furnished 
material wrote that as soon as the lice attacked the roots of the plants 
the leaves turned yellow and the plants soon died. He stated that 
several fine patches had been utterly destroyed. 

Wasps as destroyers of cabbage worms. During July and August, 
1900, different species of wasps, and particularly Polistes pallipes St. 
Farg., were observed hovering about worm-eaten cabbage plants in 
several gardens. In one garden they were always numerous in the 
western part of a large patch of cabbage. At the extreme eastern end 
the plants were more or less protected by shade, particularly in the 
afternoon. At this end larve of Plutella, Pionea, and Plusia were 
at work, but no Pieris, while in the sunshiny places, where the wasps 
were flying freely, no larve at all could be found, although holes in 
the leaves were evidence that they had been present. The wasps 
were carefwly watched on several occasions, and it was plain from 
their manner of work that they would first destroy the imported cab- 
bage worms, afterward the loopers, and that the Pioneas would be the 
last to be captured, as these bored directly into the hearts of the cab- 
bage, concealing themselves between two leaves in such manner that 
it would be difficult for the wasps to find them in the cursory manner 
of their search. The Plutellas, owing to their smaller size, might pos- 
sibly evade discovery. 

Singularly, in spite of utmost endeavors, it was impossible to detect 
a wasp in the act of destroying a cabbage worm, nevertheless circum- 
stantial evidence was so strong that the writer felt no hesitation in 
attributing the absence of the ‘‘ worms” in the sunny portion of the 
garden to the presence of the wasps. The ‘* worms” working on plants 
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growing in shade were nearly free from wasp attack. The wasps 
would hover about a plant and then alight and walk about it, but, find- 
ing nothing, would continue to the next plant, and so on to another. 
The following year, in the latter days of August, the writer observed 
this wasp attacking the larva of Per/s rape, leisurely chewing it 
before flying away to provision its nest. 

It is evident that this habit of wasps has been observed before. The 
following was published in Dr. Lintner’s third report as State Ento- 
mologist of New York, for L886 (1887, page 155): ** Mr. C. R. Moore, 
of Johnson Town, Va., states that he has seen the common brown wasp 
(2 Polistes fuscatus) seize the green worms on cabbage (4 eris rape), 
sting them repeatedly, and then carry them away.” 

The Cabbage Root Maggot injurious to celery. —Mr. James Granger, 
Broadalbin, N. Y., mentioned in preceding pages as having reported 
injury to celery by the carrot rust fly (2’sc/a rose Fab.), sent, under 
date of November 19, 1901, a larger larva than that of the rust fly, 
stating that it occurred in the heart of celery, and that he believed it 
to be causing ‘‘rot.” He was aware that the same species, ora similar 
one, infested radish in the same field, and there is little doubt that 
this insect spread from the radish to the celery. The cabbage root 
maggot, as its name implies, attacks cabbage, including all its varieties, 
as well as most other forms of cruciferous plants. As Mr. Granger 
has shown himself a good observer by his correspondence, there can 
be no doubt of his statement that these larvee occurred in celery. He 
distinguished the two species, and sent the cabbage maggots in about 
equal numbers with the rust fly maggots. Celery appears to be a new 
food plant for the cabbage root maggot. The early rearings were 
without doubt unnatural, caused by the overheating of the rooms in 
which the rearing jars were kept. 

While there is no doubt that this cabbage maggot is quite closely 
restricted to cruciferous plants for food, it will eccasionally, in case 
of emergency, attack plants of other botanical orders. Miss Ormerod 
has quoted Mr. Meade as saying that maggots were reared in 1882 
from ‘‘earth round partly decayed clover roots,” while Lintner has 
stated on one occasion that the larvee had been detected mining the 
leaves of beet (Bul. 78, C. U. Agr. Expt. Sta., 1894, p. 518). 


OBSERVATIONS ON INSECTS AFFECTING LATE CABBAGE AND 
SIMILAR CROPS. 


Some attention has been given by the writer in recent years to the 


study of some of our common insect enemies of cruciferous crops, 


with a view to ascertaining more in regard to them, and the notes 
which follow were made to determine just how far careless methods 
of culture are to blame for injury by these insects. Brief mention 
has been made in Bulletin 22 (n. s., pp. 55-61) and in Bulletin 30 (n. s., 
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pp. 63-75) of the effects of cold and of parasitic attack in limiting the 
increase of these insects. This work has been continued, with some 
results which appear to justify the furnishing of more details. 

The study of extreme cold and its effect upon insects affecting 
erucifers was continued until late in December, after which time it 
usually happens that we have severe freezes which put a practical end 
to the breeding of most insects. Some species were actually found 
breeding upon winter cabbage as late as December 24, and this in spite 
of the fact that, with the exception of perhaps seven days distributed 
at intervals through November and December, there had been con- 
tinuous nightly frosts from the time when observations began in the 
last week of November until their completion. Observations were 
conducted in the District of Columbia and at near-by points in Mary- 
land. The species under particular observation were five in number. 
There was no great difference as to the number of individuals or 
injuriousness. The approximate order, however, was as follows: The 
cabbage plant-louse (Aphis brassice Linn.), diamond-back moth (/%7u- 
tela cruciferarum Zell.), harlequin cabbage bug (Murgantia histri- 
onica Hahn.), imported cabbage butterfly (7er/s rape Linn.), and the 
cabbage looper (27/usia brassice Riley). Of these the diamond-back 
moth was the most active, and the looper and the larva of the imported 
cabbage butterfly the most injurious. 

Like many introduced, and Southern forms of insects which have 
recently migrated northward from the South, these species remain 
feeding in the field long after most of our strictly native forms, or those 
which have long been established in the District and vicinity, have 
sought winter quarters. 

The Imported Cabbage Butterfly (/%er7s rapx Linn.).—Larve were 
noticed the last week of November feeding with the others which have 
been mentioned on late cabbage. The work of this species and the 
cabbage looper was noticeable on all old leaves. Many larvee were not 
above half grown at this time, showing that egg deposit had taken 
place not earlier than the last week of October, and perhaps in early 
November. Larvee taken at this time fed freely on cabbage, and most 
of them attained maturity during the second week of December. 

It was quite noticeable that when rains and freezing weather 
occurred during December, the larvae crawled deeper into the large 
heads of cabbage, where they appeared to be abundantly protected. 

It was noticed throughout the season, and particularly in late autumn 
and early winter, that this species was remarkably free from disease 
as compared with Plusia occurring on the same beds and same cabbage 
plants, a fact, however, that has been observed by others. 

The Diamond-back Moth (//utella cruciferarum ZGell.).—In_ recent 
years this species has always been found in about the same abundance 
in spring and summer, but it sometimes occurs, like the other species, 
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more abundantly late in the year than earlier in the season. During 
the last week of November larvee have been seen nearly grown, with 
about an equal number of pupz at the same time. Moths captured 
then deposited eggs even in a quite cold temperature. As with the 
imported cabbage worm, most larve transformed to pup during the 
first week of December. Moths began issuing from this lot December 9. 

An interesting feature in connection with the late occurrence of this 
species was the presence at the same time of one of its most active 
parasites, an Ichneumonid Limneria tibiator Cr. These parasites 
began issuing the same time as the moths just noted, showing thet the 
enemy has about the same time of appearance in the fall as its host, 
and perhaps this is the same in the spring. Such coincidence in the 
time of occurrence of a parasite and its host, however, the writer 
believes to be rather exceptional. 

Moths were seen on a warm day, December 13, flying in the sun- 
shine. This was after three or four days of very cold weather. 
Nearly every head of cabbage that was touched was found to harbor 
one or more moths, while others were flying about other vegetation of 
the vicinity. At no time during the entire year were moths seen in 
anything like the same abundance as at this time in mid-December. 
Larvee and pup were also observed. 

The Harlequin Cabbage Bug (JMurgantia histrionica Hahn).—This 
insect was exposed to the same atmospheric conditions as the preceding 
species, and was observed feeding with them until late in November. 
When fields were visited during the middle of December, however, 
none of the bugs were to be found in exposure upon the plants, although, 
as has been said, the diamond-back moth was flying freely in the bright 
sunshine. Under leaves which touched the ground some specimens 
were found, and such stalks as were pulled up and shaken showed that 
many of the bugs had crawled in between the leaves into protected 
places. They were dislodged in some numbers, two score and more 
being found in single large heads. When the infested cabbage fields 
were visited a month later it was seen that the more severe frost which 
had occurred during the month had killed great numbers. By gather- 
ing numbers of the bugs and taking them home for counting, an 
estimate was made that 85 per cent had been killed. Cold spells which 
followed afterwards doubtless killed many more. 

Asa result of study of this species for several seasons, it has been 
ascertained that the bugs do not, as a rule, issue from hibernating 
quarters until near the end of April. Eggs were first noticed on the 
28th of that month, but in some seasons the bugs may lay earlier. The 
first imagos of the new brood have been observed to develop during 
the last week of June, the 26th being the first observed date of their 
development. The second generation usually begins to develop about 
the beginning of the third week of August. 
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The wheel bug (/’rionidus cristatus) was observed attacking the 
nymphs of this bug on several occasions during June. 

The Cabbage Looper (/7/usiu brassicee Riley).—The observations which 
were conducted on this species were much the same as for ers 
rape, With which it was associated. Numerous larve were still living 
in the fields as late as the middle of December. At this time one larva 

yas found less than half grown, showing that the eggs had been 
deposited about the last week of November. 

The Cabbage Plant-louse (Ap/is brassice Linn.).—Ot this species it 
was observed that numerous individuals, but no winged forms, were 
still present in cabbage fields by the middle of December, mostly, 
however, in the hearts of cabbage where they had crawled for protee- 
tion. No parasites or other enemies could be observed at this time. 

A number of individuals of this plant-louse were kept in the insectary 
of this Department in the coolest temperature that could be obtained, 
the object being to have them furnish food for ladybirds. It was 
noticed that they survived a temperature of 20° F., which occurred 
during three successive days in February, and that they were active a 
few degrees above the freezing point, seeming to be able to fly, since 
winged individuals were found at the top of rearing cages a foot 
above the plant on which they had been feeding at a temperature a 
little below 40° F. Meanwhile the ladybirds, although not dormant, 
were inactive, responding feebly to stimulation. 


CONCLUSIONS. 


The practice of planting late cabbage and other crucifers is caleu- 
lated to be of great benefit to several species of insects, particularly 
those just mentioned, and the particular reasons are that, as a rule, 
natural enemies, such as parasites and wasps, and diseases are less 
active in cool weather, while their hosts are seemingly nearly as active 
as in warm weather. This, of course, is not really the case; they do 
not work so many hours in a day, and their growth is slower. The 
trouble is that the farmer and truck grower generally, at least in those 
parts of Maryland and Virginia lving near the District of Columbia, 
appear to think that the insects have disappeared to such an extent 
that it is not necessary to apply remedies. For the imported cabbage 
worm, the looper, and the larva of the diamond-back moth, this is the 
best time to make applications of poisons, as the crops are not needed 
until a considerable time after poisons are applied, and this does away 
with any danger of poisoning to human beings. Many individuals of 
the insects mentioned, without doubt, perish for lack of food, as most 
wild crucifers are dead at such times. 

Such cabbage as is pulled and ‘‘ heeled in” and covered with under- 
brush is apt to carry with it many individuals of all of the five cabbage 
pests under discussion, aud when the cabbage heads are coyered with 
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brush this affords a fine shelter against storms and cold. A very 
large percentage of injury to cabbage in the spring (and this is the 
time when the principal damage by the imported cabbage worm is 
done) could be avoided by treating the cabbage freely with Paris green, 
and the same applies to stalks left in the field for sprouts. Stalks that 
are not needed for this purpose should be pulled up and burned as 
‘apidly as their uselessness is manifest, and all rubbish should be 
destroved in the immediate vicinity of the gardens. 

Not alone cabbage, but all other crucifers should be freely poisoned, 
and if this were practiced over considerable areas the effect the follow- 
ing spring would soon be observable. If plant-lice are found to be at 
work, kerosene emulsion should also be applied to the crucifers where 
this would not interfere with their food qualities. Where the cabbage 
is destined to be soon eaten, pyrethrum, or Persian insect powder, 
should be applied. 

It does not seem that the present methods of growing late crucifers 
has any appreciable effect upon the development of the harlequin bug, 
but care should be used not to permit accumulations where the insects 
can hibernate, and a trap crop of kale should always be left in the 
field, or planted as early as possible in the spring, and from this trap 
crop the insects can be collected, or after the main portion of it is 
taken out for use the remainder can be burned, with the insects which 
it contains. 

In one field recently visited in the latter days of April, a patch of 
about half an acre of kale was found to be infested rather freely along 
one side by harlequin bugs. The gardener was advised to burn this 
side of the patch, using straw to facilitate the operation. This was 
done, and when the garden was visited two weeks later not a single 
specimen of the bugs could be found in a walk about this patch. The 
same was true of the cabbage grown in the same vicinity. 


THE SEED-CORN MAGGOT. 
(Phorbia fusciceps Zett. ) 


For a number of years economic entomologists in several portions 
of this country and Canada have had frequent complaints of injuries 
by a maggot working on young growing beans. More recently this 
maggot has been found to destroy peas in the same manner. 

Considerable doubt has been expressed in some early publications 
on this insect as to its identity, whether it is the same species as the 
cabbage root maggot or specifically distinct. This was caused by the 
fact that both species attack the roots of cabbage, sometimes acting in 
concert and by the further fact that the group to which these insects 
belong, two-winged flies of the family Anthomytlidee, had not been 
carefully studied. The species under discussion, known by several 
popular names besides seed-corn maggot, including ** bean fly,” has 
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received no less than seven Latin names showing its description that 
many times as a supposedly new species. 

A careful perusal of the notebooks of this office as well as of litera- 
ture go to show that this maggot is considerably more destructive to 
beans than to corn, and as many of our Divisional notes have not been 
recorded they may be mentioned here in connection with reports of 
injury. 9 ~ 

DESCRIPTIVE. 
| The parent fly of this maggot looks to the casual observer much like 
a small house fly. It can best be identified by the male (fig. 19, @). 
The principal characteristics of the male consist in a row of short, 
rigid, bristly hairs of nearly equal length on the inner side of the 
posterior tibize or shanks. ‘The female can scarcely be distinguished 


Fic. 19.—Phorbia fusciceps: a, male fly, dorsal view; b, female, lateral view; c, head of female, from 
above; d, larva, from side; e, anal segment of larva; j, anal spiracles; g, thoracie spiracles; h, 
-puparium—all much enlarged (original). 


from those of related species, such as the adults of the cabbage root 
maggot and onion maggot. The length of the body is about one-fifth 
inch (5) and the wing expanse about two-fifths (9.5™™). 

The larve also resemble the species mentioned. Like other mag- 
gots, they are footless and of cylindrical form. As will be seen by 
illustration 19, 7, which represents a larva in profile, they are narrowed 
at the anterior extremity and enlarged posteriorly. They are, however, 
considerably smaller than the onion maggot, measuring about one- 
fourth of an inch (6"™") in length and about one-sixth as wide at the 
thickest portion. Alcoholic specimens are very pale yellow in color, 
and the chitinous or harder parts at the ends are usually considerably 
darker. The anal segment is shown at ¢; 7 represents the anal 
spiracles, and g the thoracic ones. There appear to be only 6 or 7 
divisions in the cephalic spiracles, whereas in the onion-feeding species 
there are usually 11 or 12 such divisions. 
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The puparium (h) is barrel-shaped, of elliptical outline, and light 
brown in color. It measures about three-twentieths of an inch (4™™) 
and is about one-third that in diameter. 


DISTRIBUTION. 


The fact of this fly having been described first in Germany in 1845 
and of its not having been identified in this country until more than a 
decade later is indicative of European origin. It appears to have been 
first recognized in New York State by Dr. Fitch in the year 1856. 
Like so many other flies, it ranges through several life areas, and we 
know of its occurrence in Canada and Minnesota, southward to the 
Gulf, and westward to the Pacifie. 

The following list of localities has been compiled from published 
records and from specimens in the National Museum: 

Holderness and White Mountains, N. H.; Beverly, Mass.; Greenport, Ithaca, 
Long Island, Albany (?), and Elmira, N. Y.; Ridgewood, Palisades, Atlantic High- 
lands, Westville, Jamesburg, and Riverton, N. J.; Travilah, Md.; Washington and 
Benning, D. C.; Falls Church, Va.; Van Wert County, Ohio; Lexington, Ky.; 
Tippecanoe County, Ind.; Algonquin and Altamont, Ill.; Grand Rapids, Mich.; 
Plainfield, Wis.; Park Rapids, Wadena, Alexandria, Camden Place, Rockport, and 
St. Paul, Minn.; University, N. Dak.; Tabor, lowa; Nebraska; Hiawatha, Lawrence, 
and Parsons, Kans.; Eureka, Mo.; South Carolina; Augusta, Meansville, and 
Atlanta, Ga.; Florida; Auburn and Boligee, Ala.; Mississippi; Shreveport, La.; 
Rollover and College Station, Tex.; Las Cruces and Beulah, N. Mex.; Salida, Colo.; 
Los Angeles, Cal.; Ottawa, Ontario, and Chateauguay Basin, Quebec; Lambton 
County, Aitkens Ferry, and Prince Edward Island, Canada. 


RECENT OCCURRENCES. 


During 1899 this fly was found in privies and reared sparingly with 
other insects inhabiting human excrement. (Howard, Proc. Wash. 
Acad. Sei., Vol. Il, p. 584.) January 4 it was reared from cabbage 
received from Augusta, Ga., and infested also with the imported cab- 
bage webworm (//dlula undalis). 

March 27 we received specimens of the larva from Mr. F. 5S. Earle, 
Auburn, Ala., who wrote that the species was destroying a planting 
of garden peas at that place, eating out and boring the underground 
stems of young plants, sometimes destroying the plant before it could 
get above ground. April 2 he wrote that an entire planting of peas 
had been destroyed. The previous year he lost many plants of snap 
beans in much the same manner, attributing the loss to the same 
species. 

June 23 the writer reared a considerable number of the flies from 
beans in a somewhat novel manner, and one that suggests itself as of 
considerable utility in rearing root-feeding species. In the course of 
experiments it was found necessary to place gauze frames over several 
hills of beans on an experimental plat. These were left in place for a 
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week, and were fitted tightly to the earth. At the end of this time 
many flies were found and a number captured for identification. 

During the same month Mr. EK. EK. Ewell, assistant chemist, called 
the writer’s attention to injury to bean stalks grown on the Depart- 
ment grounds, due to the work of a maggot and to other causes. 
Some were collected and reared to the adult, which proved to be 
Phorbia fusciceps. The fly issued June 11. 

November 6 to 15 the species was again reared from cabbage from 
Meansville, Ga. 

In 1900, May 15, we received larve from Mr. E. A. Wilson, Roll- 
over, Tex., where they were doing much damage to the roots of cab- 
bage. June 20 we received information of the occurrence of the flies 
in alarming numbers at Falls Church, Va. 


EARLIER DIVISIONAL RECORDS OF INJURY AND OCCURRENCES. 


March 5, 1880, we received from Mr. J. S. Newman, Atlanta, Ga., 
a lot of turnips infested by the maggot of this species. 

April 8, 1884, a fly appeared from among a lot of Tineid galls col- 
lected by Mr. A. Koebele on poplar at Holderness, N. H. 

December 4, 1885, we received from Mr. J. G. Jack, at that time 
at Chateauguay Basin, Province of Quebec, Canada, specimens of this 
fly with the statement that the larve had been very destructive to 
beans that summer. This attack will be mentioned more at length 
under the heading ‘* Literature of the species.” 

June 7, 1889, we received larvee from Mr. F. N. Tillinghast, Green- 
port, N. Y., with the report that the species was doing much damage 
to the roots of young cabbage. 

April 80, 1890, we received from Mr. Clark, Benning, D. C., some 
young cabbage plants ruined by this maggot. 

During 1894 we received, August 6, from Mr. M. V. Slingerland, 
Ithaca, N. Y., larvee about which he has published, as will be pres- 
ently mentioned. Later we received from the same correspondent 
adults reared from cabbage roots on Long Island. September 14 we 
received this species in cabbage heads from Mr. L. H. Reed, Grand 
Rapids, Mich. From this lot the mature flies issued June 14, 18, and 
20 of the following year. 

June 14, 1895, Mr. Reed sent bean plants showing injury by this 
species from Plainfield, Wis. (See Ins. Life, Vol. VII, p. 429.) Feb- 
ruary 5, 1895, we received word from F. A. Young & Co., of New 
York City, that this species was causing considerable trouble to cab- 
bage crops in South Carolina. It appeared to confine its operations 
to the stems and roots, and was more plentiful in new land. 
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LITERATURE OF THE SPECIES. 


Dr. Fitch’s account of this species is brief. He noticed that the fly 
occurred in abundance upon the heads of wheat the latter part of June 
in New York, presumably in the neighborhood of Albany, and as this 
fly had been currently regarded as the parent of the wheat midge 
(Diplosis tritici Kirby), he gave the insect some attention, and, foane 
it new to our fauna, describe d it as the deceiving wheat fly (ZZylemyia 
deceptiva) (1st Rept. Ins. N. Y. for 1856, p. 301, Pl. I, fig. 3). Noth- 
ing was known by Fitch of the habits of this species further than 
that the flies hovered over and alighted upon wheat heads at the time 
when they were in flower. In 1869 Dr. Riley redescribed this species 
(Ist Mo. Rpt., pp. 154-156, Pl. II, fig. 24, text figs. 86 and 87), giving | 
it the name of the seed-corn maggot (Anthomyza zeas),* also the corn 
Anthomyia. The maggots were noticed attacking kernels of sprout- 
ing corn in the vicinity of Ridgewood, N. J., and in other fields in the 
same (Bergen) county. Mere mention of the species was made the 
same year by Riley, and the case is cited here to show the tendency 
that existed even in those early days, as well as later, to multiply 
book names for insects. He refers to the species as the ‘*seed-corn 
flower-fly” (American Ent., Vol. II, p. 137). In 1877 Dr. Riley’s third 
account of this species appears under the title ‘‘ The Anthomyia ege- 
parasite” (Anthomyia angustifrons Meigen). The statement is made 
that in the fall of 1876 the maggot destroyed about 10 per cent of 
locust eggs in Missouri, Kansas, and Nebraska, and in some localities 
a much larger percentage; it was quite common also in Iowa and Min- 
nesota and occurred in Colorado and Texas (1st Rept. U.S. Ent. Com. 
for 1877 [1878], pp. 285-289). 

During 1885 this species was injurious to beans at Chateauguay, 
Quebec, Canada (John G. Jack, Can. Ent., Vol. XVIII, p. 22; 17th 
Ann. Rpt. Ent. Soc. Ont., 1887, p. 17). The beans were planted June 
15, and in that part of the field that was most seriously injured at least 
nine-tenths of the crop was destroyed. Ten days after planting, as 
few beans had appeared above the surface of the ground, examination 
was madeas to the cause, and it was then found that nearly every bean 
was infested by from 1 to 25 maggots. Both stems and seed leaves 
were attacked. By the 28th of June many larvee had pupated, and 
scarcely a maggot was found after July 2. The adults issued July 10. 
Mr. Jack, in reporting this occurrence, stated that ‘‘if this bean- 
feeding habit of the insect should become general, it might prove very 
annoying.” 

In Insect Life (Vol. VI, p. 372) Dr. Howard, in referring to para- 
sites of the sugar-beet webworm, makes mention of this species, 
stating, among other things, that the fly had been reared by Dr. Riley 


‘Spelied’o on Hath pages 1: 54 aa 155 ‘‘zeas,’’ without denne a ‘ty poeraniteal error. 
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from the roots of cabbage and radish. It was surmised that the larvee 
fed upon beet roots and perhaps crawled into the larval cases of the 
webworm for pupation. ‘The writer indorses this opinion, and it 
would seem that beet is to be added as a food plant of this insect.* 
As in previous cases of reported injury, the maggots attacked the 
plants before they appeared above ground, and were found in the 
stems after the plant had reached a height of about 2 inches. 

In the year 1894 this species did damage to bean plants in Tippecanoe 
County, Ind., and Van Wert County, Ohio, as reported by Mr. F. 
M. Webster (Insect Life, Vol. VII, pp. 204-205). Adults were reared 
June 10 to 18. The nature of attack was as usual with this species. 

In the late Dr. Lugger’s first annual report as entomologist of 
Minnesota for 1895 (1896, pp. 111-114, pl. 14, fig. 58), injury to young 
bean stalks by what is probably this insect is treated, the species 
receiving mention as the bean-fly (Anthomyza sp.). Whole tields of 
beans, in many places containing many acres, were reported as being 
completely ruined in the vicinity of Park Rapids, Minn. At Wadena, 
Minn., injury was also noted. After the seed had been planted about 
ten days and had not come up, Mr. H. W. Fuller, the correspondent 
in question, had dug into the hills and found the beans gone. It was 
not until he had opened several hills that he succeeded in finding the 
maggots. According to Dr. Lugger, about one-third of the State was 
more or less infested with this enemy, which was new as regards 
known injury there. On some farms the insect destroyed nearly all 
bean plants, while on others farmers were forced to reseed their fields. 
Another locality specifically mentioned as haying suffered losses from. 
this insect was Alexandria, Minn., where about 25 per cent of the crop 
was destroyed, necessitating replanting. 

In 1897 this maggot was concerned in injury to seed-corn at 
Aitkens Ferry, Prince Edward Island, Canada. The corn was planted 
June 5 about 3 inches deep, and very little showed above ground. 
The spring was described as very wet and cold in that locality. This 
is recorded by Mr. M. V. Slingerland (Rural New Yorker, September 
its 897, p:' 596). 

In the year 1900 Prof. W.-Lochhead, Guelph, Canada, reported 
what is also in all probability the seed-corn maggot” as injurious 
during that year in Lambton County, Canada. His note is published . 
under the caption of ‘*The Bean fly (Anthomyta radicum)”, and he 
states that in June many complaints reached him regarding the attacks 
of ‘‘grubs” on beans. Hundreds of acres were being destroyed, 


“Mention is made of the synonymy of this species, but the insect is unfortunately 
referred to as Phorbia fuscipes Zett. 

»There is very little doubt that the insect which was so injurious in 1895 in 
Minnesota and in 1900 in Canada was Phorbia fusciceps, but specimens are not ayail- 
able, hence the identification can not be positively made at present. 
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many beans did not germinate at all, owing to the fact that the maggot 
ate the interior of the seed, while many stems failed to develop 
through the destruction of the central portion of them. Professor 
Lochhead was of the opinion that injury might have been due to deep 
planting. The note in question, 31st Rept. Ent. Soc. Ont. for 1900 
(1901, p. 73), was illustrated with a figure adapted from Dr. Lugger’s. 

A review of the known history of this species was given by Dr. Lint- 
ner in 1882 (Ist Rpt. Ins. N. Y., pp. 181-184), and later, in 1894, Mr. 
Slingerland gave a similar review (Bul. 78, Cor. Uniy. Agr. Exp. Sta., 
1894, pp. 499-501). Dr. Forbes also published an account in 1894 
(18th Rpt. St. Ent. Ill. for 1891 and 1892, pp. 16-19), which includes 
a few notes on occurrences in the seed of corn and dates of rearing, 
and detailed descriptions of the larva, puparium, and imago, with 
original illustrations. Some shorter accounts have been published 
that add little to our knowledge of this seed maggot. 

Although this insect is not restricted to either corn or beans, it 
seems to the writer that the name ** seed-corn maggot,” bestowed upon 
it years ago by Dr. Riley, may be retained in preference to ** Fringed 
Anthomyiian,” which has recently been proposed. It has priority, 
and the latter name would not be apt to be adopted by the average 
person engaged in agriculture. 

The following are among the synonyms of Phorbia fusciceps Lett. : 

Aricia fusciceps Zett., 1845; Hylemyia deceptiva Fitch, 1856; Chortophila cilicrura 
Rond., 1866; Anthomyia zee Riley, 1869; Anthomyia radicum var. calopteni Riley, 


1877; Anthomyia angustifrons Meigen, 18%8; Phorbia cilicrwra Rond (Meade), 1883. 
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SUMMARY OF FOOD HABITS. 


From what has been related of the habits of this species it will be 
seen that real injury is practically confined to planted seeds and very 
young sprouting plants, particularly of Indian corn and beans of dif- 
ferent kinds. When young plants of bean, corn, and cabbage are not 
available it will attack other plants, and future study will undoubtedly 
show that it has a wide range of these. Peas are attacked in the same 
manner, but this does not appear to have previously been recorded. 
It may be, from the fact of Fitch finding the flies so abundantly in wheat 
fields, that the insect also attacks sprouting wheat, as the fact that 
injury has not been detected is no indication that attack is not made. 
There is little doubt that beets are attacked. Turnips and radish are 
known to be infested, and it seems more than probable that the insect 
may feed on decaying vegetable and perhaps animal matter, as the 
larvee are so frequently found on such portions of plants as have first 
been attacked by other insects. The rearing of the fly from galls on 
poplar, previously mentioned, is an unusual indication of the last-men- 
tioned habit. Dr. Riley’s account of the species having been bene- 
ficial upward of a quarter of a century ago by feeding upon locust 


/ 


oi 


egos should not be overlooked. It does not necessarily show more 
than an occasional carnivorous habit, as the attack under consideration 
occurred during extreme abundance of the locusts. The onion has 
been recorded as a food plant in England, seed potatoes have been 
attacked, according to Lintner, and hedge mustard has been recorded 
as a food plant by Slingerland. 


LIFE HISTORY. 


The life economy of the seed-corn maggot is very imperfectly under- 
stood. In spite of the many writings on this insect the species has 
evidently never been under continuous observation in any locality, and 
what has been published affords evidence only of a single generation. 
It has been surmised that the species agrees with others of its kind in 
passing the winter in the adult condition, although it is possible also 
that it hibernates, in some localities at least, as a puparium. Of one 
thing we may be tolerably certain, that only a single generation is 
developed in corn, but it is quite probable that two generations might 
be produced in beans and peas owing to the longer period in which 
these crops are kept in the field, and the second and third plantings 
that are made in many localities. In the Gulf States the tlies have 
been reared as early as January 4, and the rearing notes which have 
been cited for that region show that the flies may appear through the 
first three months of the year. The fact that larve were received from 
Texas in the middle of May would indicate a second generation in the 
South, the progeny of the flies appearing in the earlier months. Flies 
have been reared also in or from different localities in June, July, 
August, September, and December, and it seems probable that where 
weather conditions favor, several generations are normally produced 
each year, although there must be a period in midwinter in which 
breeding ceases, and possibly another in midsummer. 

Professor Forbes has admitted the probability that later generations 
‘might appear than that observed by him on corn, the adults from 
which emerged from June 11 to August 7. In the Northern States 
it is probable that we have at least two generations, the first injurious 
in May and June to such seedlings as are then to be found, and the 
second generation feeding upon weeds or dead or dying plants, in 
excrement and in refuse, without their presence being manifested. 

It would be interesting to learn if most of the injuries occasioned by 
the seed-corn maggot are not due to the attraction of the winged fly 
for oviposition on manure used in the field or to the decomposition of 
a portion of the seeds (something which must always happen) or to the 
presence of other decomposing material, due to natural causes, to 
fungus attack, or to infestation by primary pests. 
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The seed-corn maggot undoubtedly has many insect enemies, but 
none appear to have been recorded. : 

June 21, 1897, we received from Mr. E. F. Bouchyille, Boligee, Ala., 
a large number of flies of this species with their bodies distended by 
a white powdery growth caused by the presence of a fungus disease, 
identified at the time as Linpusa americana. It belongs to the same 
genus as the house-fly parasite (Ainpusa musce). 

Frequently the latter disease causes much mortality among flies living 
out-of-doors, as happened during the summer of 1891. (See note by 
C. L. Marlatt in Insect Life, Vol. IV, pp. 152, 153.) 


REMEDIES. 


Owing to the great difficulty of destroying subterranean larvee and 
the cost of the chemicals that are used for this purpose, such as bisul- 
phid of carbon, we have to depend more upon methods of prevention, 
One of the best means of deterring the parent flies from depositing 
their eggs consists in sand soaked in kerosene—one cupful to a bucket 
of dry sand—placed at the base of the plants, along the rows. This also 
kills young larvee that might attempt to work through the mixture. 

Fertilizers, preferably kainit and nitrate of soda, are also useful as 
deterrents, particularly when employed just before or after a shower 
has thoroughly wet the ground. They should be applied as nearly as 
possible to the roots, and the earth should be turned away from the 
plants for this purpose. This remedy has the advantage of acting as 
a fertilizer as well as a preventive of insect attack. 

As soon as plants show signs of wilting, and this maggot is known 
to be present in the field, the injured plants should he promptly pulled 
and destroyed. 

The above methods of control have been used with success against 
onion maggots and similar root-feeding species. 


THE BEAN LEAF-ROLLER. 
(Eudamus proteus Linn. ) 


In October, 1901, Mr. William R. Polk, Orlando, Fla., complained of 
what he described as a green leaf-roller on snap beans. No specimens 
were received at the time, but the adult insect was identified by our 
correspondent as being the indirect cause of the injury. At the time 
of writing he stated that it had been busy laying eggs, and the leat- 
roller or leaf-curler worm, as it was also called, was ‘‘ destroying much 
of his beans by cutting and curling the leaves.” November 12 our 
correspondent sent specimens of the butterfly as well as larve in differ- 
ent stages of growth. 
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The same month we received by request from Prof. H. A. Gossard, 
Lake City, Fla., specimens of the larva of this species found on cowpea, 
with the accompanying information that two hours’ search in a patch 
of velvet beans failed to find any of these caterpillars. Mr. Gossard 
was not certain that velvet beans were exempt from attack, but it is 
evident that they must be comparatively so. 


DESCRIPTIVE. 
The butterfly.—This leaf-roller is the larva of a butterfly called the 
**swallow-tailed skipper,” and is quite unique among garden pests. 


The butterfly is illustrated in figure 20, 7. It has a robust body and 
wide head, and the antenne are curved at the tips as figured. Its color 


Fic. 20.—Eudamus proteus; a, butterfly; 6, larva, dorsal view; ¢, larva, lateral view; d, chrysalis 
in rolled-up leaf—somewhat enlarged (original). 


is velvety brown, with long metallic-green hairs on the thorax and 
contiguous parts of both pairs of wings. The fore-wings are orna- 
mented with white spots and the hind-wings are bordered with a zigzag 
line of white; the latter terntinate in two Jong, dark-brown tails. The 
Wing expanse is from 1? to 2 inches. The lower surface is much paler 
brown, with broad bands of darker brown. 

The egg 1s nearly spherical, depressed below, and marked with ridges, 
converging at the polls. The eggs when first deposited are glistening 
white, but soon become yellow. They measure nearly a millimeter in 
diameter and about 0.8" in length. 

The larva is of the peculiar appearance shown in the illustration 
(6, ¢), nearly cylindrical, with narrow neck and prominent head, The 
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ground color is yellow, dotted with black, and the surface is covered 
with numerous short, pale hairs. The head is black, with orange 
spots near the mandibles, and the apical third is reddish. The thoracic 
plate is also black. It measures, when full grown, about 14 inches. 

The pupa (fig. 20, @) is shining brown, the eyes brownish-Dlack. 
Two or three days after being formed the pupa becomes covered with 
a peculiar white flocculent coating. Its length is about seven-eighths 
of an inch. 

DISTRIBUTION. 


This species is tropical, and apparently injurious only in Florida, 
although it is recorded to occur in South Carolina, Georgia, and south- 
ern Texas. Along the Atlantic seaboard it sometimes extends, prob- 
ably only by flight of the adults, to a considerable distance north, 
individuals having been captured in New York City and about New 
Haven, Conn. It is probably not possible for the insect to breed in 
the Northern localities. It does not appear to be found very far 
inland. 

As to the foreign distribution of this species Scudder has not indi- 
vated special localities with the exception of Mexico. Through the 
kindness of Dr. Dyar the following localities, based mainly upon 
material in the National Museum, may be added: Cuba, Jamaica, 
Trinidad, Guatemala, Venezuela, Buenos Ayres, Argentina, and 
Paraguay. 


GENERAL REMARKS ON BIBLIOGRAPHY AND HABITS. 


For many years this caterpillar, known as the bean leaf-roller or 
“roller worm” (Audamus proteus Linn.), has been recognized as an 
enemy to leguminous and some other crops in the Gulf States. Injury 
is usually confined to beans and to cultivated beggar weed (Desmodium 
tortuosum); but according to Prof. J. H. Comstock, who gave an account 
of this insect in 1880 (Annual Report U.S. Dept. Agr. for 1880, p. 269), 
cabbage and turnip may also be affected. The article cited has long 
been out of print, and as the species has not received any attention, 
or been figured in any later publication of this Department, the 
opportunity is taken to present illustrations of the insect in all its 
stages, together with such brief descriptions as. are necessary for 
identification, to which is added a summary of the life habits. For 
the benefit of anyone who desires to go more deeply into the subject, 
it might be added that an extensive account of this species, with illus- 
trations and bibliography up to 1889, may be found in Volume II of 
Dr. S. H. Seudder’s Butterflies of the Eastern United States and 
Canada, pp. 1386-1393. A more recent account has been given by 
Mr. A. L. Quaintance (Bul. 45, Fla. Agr. Expt. Sta., 1898, pp. 55-60). 
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Co) 
reported damage by Professor Comstock, comprise the following: 
February 5, 1880, at Rock Ledge (Brevard County) and Enterprise, 
Fla., it was destructive to beans, turnip, cabbage, etc. The larva 
was generally known by gardeners as the roller worm. February 21 
larvee were received which were found feeding upon the cowpea 
growing wild along the banks of the St. John’s River at De Land 
Landing, Fla. November 4, 1881, larvee were received from Mr. J. C. 
Neal, Archer, Fla., where they were destructive to Desmodium (Met- 
bomia) canescens. December 2, 1895, we received from Mr. C. K. Bab- 
bitt, Lakeville, Fla., larvee found feeding on bean and cowpea. 
An individual of this species kept at Washington in confinement in 
a moderately heated room (60 to 70° F.) transformed to pupa October 
30, and it was noticed that the pruinosity appeared the next day, 
increasing in intensity for two or three days. The butterfly matured 
December 15, the individual having passed six weeks in the pupal 
condition. In its exit from the chrysalis it left the skin nearly intact. 


Our Divisional records of injury by this species, including the 


HABITS AND LIFE HISTORY. 


A few plants other than those mentioned serve as food for the larva; 
these include different species of Wistaria and Clitoria. Frequently 
larve are so abundant as to nearly destroy otherwise promising fields 
of beans. 

According to the observations of Mr. Quaintance (I. c.) the first 
generation appears in early spring, and successive generations continue 
until cool weather. In the extreme south of Florida, however, devel- 
opment may be nearly continuous throughout the year, as larve have 
been noticed there during the last of December and in January. In 
the heat of summer the life cycle is short, requiring, in some cases, 
only twenty-four days from the deposition of the eggs until the emer- 
gence of the adult. The eggs may hatch in four days, the larve 20 
through their five molts, and in two weeks from the time of hatching 
have been noted to enter the pupal state, the latter stage requiring a 
period of six days. In colder weather in October and November the 
life cycle may require as long as 37 days. It is probable that the 
species hibernates as pupee. 

Eggs are deposited on the lower surface of leaflets of bean in groups 
of from one to six. After feeding a short time the larva prepares a 
retreat by folding over a flap of a leaf. From this shelter the larvee 
crawl out sometimes 6 or 7 inches, and feed upon the surrounding 
foliage. This species does not differ from other butterflies in being 
diurnal in habit, larve and adults moving about freely at all times of 
day. 
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REMEDIES. 


Paris green has been used with success by Mr. Quaintance in the 
treatment of this species on beans in Florida, applied at the rate of 
a pound to 150 gallons of water, which is sufficiently strong to destroy 
the larvee. Quicklime should always be added, in the preparation of 
this spray, as it neutralizes the arsenious acids which might otherwise 
be produced when rain follows the spraying. Equal amounts of lime 
and Paris green are the proportions. Arsenate of lead would probably 
be move satisfactory, because not apt to scald the foliage. 


THE PEA MOTH. 
(Semasia nigricana Steph. ) 


In New Brunswick, Nova Scotia, and Ontario, in the Dominion of. 
Canada, where pea-growing is an important industry, there is, in addi- 
tion to the pea weevil discussed in previous pages, a seed-infesting 
insect known as the pea moth, the larva 
of which develops in ripening peas in 
the pods. This species first attracted 
attention near Toronto, Ontario, in the 
year 1893, and since that time yearly 
complaints have been made of its 


ravages. 
DESCRIPTION. 
Fic. 21.—Semasia nigricana Steph.: moth The moth is a small Tortricid, with a 


above, larva below—about three times 


77 . a * © aaa, ] . F 
ihc aire qaneiialy wing expanse of half an inch. The 


fore-wings are dark fuscous or dusky, 
tinged with darker brown and mottled with white, about as shown in 
figure 21. The hind-wings are nearly uniform, dark fuscous, and bear 
a rather long fringe with an inner line. 

The larva, shown also in figure 21, is whitish-vellow with pale brown 
head and thoracic shield, the latter inconspicuous. Its length when 
mature is about the same as the wing expanse of the moth. The 
tubercular spots are also inconspicuous, and the hairs are short and 
sparse. 

The pupa does not appear to have been described. 


DISTRIBUTION. 


This is a comparatively new importation from the Old World, where 
it has been known for many years as an enemy of the pea. It does 
not appear to affect any other plant, and injuries are most notable on 
late crops. It 1s practically unknown in the United States, but since 
it is an imported species, there are the best of reasons to believe that 
it will in time invade New England, New York, and other Northern 
States, and pea growers should be warned against it. 
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o¢ 
NOMENCLATURE. 


Considerabie confusion might be caused if one did not have at hand 
a rather full literature bearing upon the classification of the pea moth. 
In a catalogue of Lepidoptera issued by Staudinger & Wocke in 1871, 
two species are placed in the genus Grapholitha, the pea moth being 
represented by nebritana Tr., with nigricana Steph., and pisana Gn. 
as synonyms. There is also a nigricana H-S. In Meyrick’s hand- 
book of British Lepidoptera, published in 1895, the pea moth is placed 
in the genus Laspeyresia, provimana Walk. being indicated as a 
synonym, while our other species is listed as Apiblema nigricana H-S. 
This latter is stated to breed in the buds of Pinus picea. It is shown 


herewith for comparison with the true pea moth (see fig. 22). 


HISTORY AND HABITS. 


It is somewhat singular, considering the time that this species must 
have been present in America in order to be destructive as early as 
1893, that it has not occasioned losses also in our Northern States. 
Even as early as the date mentioned it was stated to be the principal 
obstacle encountered in the cultivation of the 
pea in Canada, the attack frequently resulting 
in destroying the usefulness of from 10 to 20 
per cent of the crop. 

The full life history of this species has : 
not been studied. It isknown thatthe moths fe. 22—kpibiema nigricana ES: 
fly about sometimes in large numbers around | ™°*th, about three times natural 
pea blossoms a short time after sunset. The Sree 
females lay from 1 to 3 eggs on very young pods or ovaries. The 
caterpillar, according to observations in Europe, is hatched in four- 
teen days, and goes into the pod and attacks the seed, the opening 
made in the margin of the pod closing afterwards. Pods thus affected 
usually ripen early. When the pod opens the mature caterpillar 
creeps out and enters the earth, there to spin a cocoon-like covering 
formed of silken threads. Authorities differ as to the state of hiber- 
nation. Miss Ormerod (Manual of Injurious Insects, p. 163) states 
that the larva winters over, and in spring turns to a chrysalis, the 
moth appearing in June, while Dr. J. Ritzema Bos, in his work on 
Agricultural Zoology (London, 1894), says that ** the pup live through 
the winter.” The peas attacked are always covered while in the pod 
with the cross-grained excrement of the caterpillars, and frequently 
two or three are joined together by web fibers. 

Recently it has been ascertained that the pea moth larva does not 
injure to any extent the earliest and latest varieties of peas. 
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98 
REMEDIES. 


What has just been said indicates the value of planting the earliest 
and the latest varieties of peas, and this will probably hold as a good 
remedy in many localities where the species occurs injuriously. Mr. 
W. T. Macoun has named Alaska, American Wonder, Gregory’s Sur- 
prise, Gradus, Nott’s Excelsior, and McLean’s Little Gem as among 
the best early varieties. The first three mature as early as June 17, 
before the appearance of the moths. Crops grown for seed are more 
difficult to protect. 

It has already been advised that clean culture would be found a 
valuable means of riddance of this insect, and if during the picking 
the plants are found to have been infested, as soon as the crop is off 
the remnants should be gathered and burned. 

Early fall plowing has also been recommended, but it does not seem ~ 
that this is necessary if the fields are burned over promptly. In Dr. 
Fletcher’s report for 1900 (1901, p. 214), the results of some experi- 
ments that were made in New Brunswick are given. They consist 
in the use of a spray of Paris green, 1 pound to 100 gallons, with 4 
pounds whale-oil soap added, in order that the mixture shall adhere 
to the waxy pod of the pea. The results were so promising as to show 
them of importance. Three sprayings are suggested; the first to be 
applied when the blossoms begin to fall, the second a week later, and 
the third ten days later than that. 


THE BEAN CUTWORM. 
(Ogdoconta cinereola Guen. ) 


A caterpillar which has been called the bean cutworm does injury 
to the foliage and pods of beans, at times stripping the vines bare. 
The species has long been known to collectors of Lepidoptera, but 
although widely distributed little has been published concerning its 
habits, although all of its stages except the egg have been described. 
It appears to be recorded as doing injury only in the States of Florida 
and Mississippi. 

DESCRIPTIVE. 


This species belongs to the family Noctuids, or owlet moths, which 
includes many cutworms, but it is not related to any of the true cut- 
worms, and has never been observed, so far as the writer knows, to 
be nocturnal or to cut tender plants. Hence it is probable that it is 
not a cutworm at all and the above name is amisnomer. It is more 
closely related to the cabbage looper and similar forms. 

The moth is a tolerably well-marked species, having a wing expanse 
of a little over an inch, the fore-wings being light brown and marked 
with a transverse paler band on the outer third. The reniform mark 
is distinct, as are other similar markings between that spot and the 
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thorax. The pattern is about as shown in fig. 23,¢. The hind-wings 
are nearly uniform gray, with the veins showing plainly and the base 
of the cilia also well defined. The under surface is nearly uniform 
grayish-brown, like the hind-wings, but with a more satiny luster. 
The larva (6) when full grown resembles rather strongly a small cab- 
bage looper (/7usta brassicx), and when disturbed has the same habit 
of looping like a geometer. It is pale green with three moderately 
distinct white stripes—median, lateral, and one midway between these 
two. The length when full grown is about an inch or a little over. 
The pupa is shining, rather 
pale brown, and strongly and 
deeply punctured on the dorsal 
surface. It measures about 
four-tenths of an inch. 


DISTRIBUTION. 


This Noctuid is generally dis- 
tributed over the United States 
east of the Rocky Mountain 
region, from Canada and Min- ZZ 
nesota southward to the Gulf ie. 23.—Ogdoconta cinereola: a, moth; b, larva: 
States and the West Indies. It ¢, abdominal segments of larva; d, pupa—all en- 
: 5 i larged (original). 
is recorded or is known from . 

New York, Delaware, Virginia, District of Columbia, Florida, Mis- 
sissippi, Texas, Kansas, Nebraska, and Illinois. 

Professor Snow has reported it common in Kansas. In Florida, 
according to Mr. Ashmead, it is rare, and from what can be learned 
it seems probable that with the exception of a few States, like Mis- 
sissippi and Kansas, where it has been found abundant, it is not 
particularly common. 


HISTORY AND LITERATURE. 


Until quite recently this species was known to collectors and in lit- 
erature as Telesilla cinereola. It was first described by Guenée in 1852 
(Spec. Gen. Noct., Vol. I, p. 316) under the genus Placodes. In 1880 
Mr. D. W. Coquillett published a description of the larva observed at 
Woodstock, Ill., with the remark that larve were found in a wheat 
field from June 15 to July 20, but that the food plant was unknown. 
Transformations were observed to be made under ground. (No. Amer. 
Ent., Vol. I, p. 52.) The following year Mr. Coquillett again 
described this larva (10th Rept. St. Ent. Ill., 1881, p, 180), adding the 
ragweed (Ambrosia artemisiefolia) as a larval food plant. In 1887 
Mr. W. H. Ashmead made a more detailed description of the larva 
and a brief one of the pupa, adding that the larve feed on the leaves 
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and pods of bean, sometimes stripping the vines bare. (Bul. 14, Diy. 
Ent., U. 5. Dept. of Agr., pp. 21, 22.) In 1890 a brief note by Mr. 
G. H. Kent, Roxie, Miss., was published in Insect Life (Vol. I], p. 
283), in which the statement was made that this larva was feeding 
on bean pods, doing considerable damage to the crop. 


UNPUBLISHED DIVISIONAL RECORDS. 


October 7, 1883, Mr. Albert Koebele, then of this office, found in 
Virginia, near the District of Columbia, several larvee feeding on 
cocklebur (Yonthiwin strumarium). They were on the under sides of 
the leaves, and when at rest were stretched generally on the midrib 
and some of the larger ones on the stems of the leaves. November 7 
oblong cocoons were found in the earth, of which they were formed. 
The moths from this lot issued in confinement June 3 of the follow- 
ing year. September 3, 1885, Mr. Th. Pergande found larve in the 
District of Columbia feeding on sunflower (Helianthus). Moths from 
this lot issued in confinement the following year, May 10, 11, and 13. 
It does not seem probable that this species is limited to the bean 
among cultivated plants for food. On the contrary, it may now be, or 
may develop into, asomewhat general feeder, as it has been shown that 
it breeds normally upon composite plants, such as ragweed, cocklebur, 
and sunflower. 

No parasitic or predaceous enemies appear to have been recorded. 


REMEDIES. 


An arsenical spray, preferably of arsenate of lead, would kill this 
insect when it occurs in numbers on beans, but care* should be used 
when it attacks the pods, if these are soon to be used for food, to 
guard against possible poisoning of human beings. The destruction 
of the insect upon its wild food plants, such as pigweed and cocklebur, 
is also advisable, and it would be well to keep these plants down in 
regions where the bean cutworm has once been injurious. 


NOTES ON INSECTS AFFECTING BEANS AND PEAS. 


Under the above title the writer has brought together certain short 
notes on different species of insects that have either been treated in a 
popular or general manner in earlier publications, or that have not yet 
been made the subject of special study during recent years. All that 
will be mentioned have come under observations through their occur- 
rence on beans, peas, cowpea, and related legumes, and have been 
actually detected feeding upon one or more of these plants. Certain 
of the data that have been acquired concerning this class of insects have 
been made public in an article which took the form of condensed and 
popularized accounts of the more common and injurious forms. ‘This 
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was published in the Yearbook of this Department for 1898 (pp. 233- 
260), and is also issued in popular form. Other articles and notes 
have appeared in Bulletins 8, 9, 19, and 23 of the present series, or are 
included in previous pages of the present bulletin. The notes which 
follow have been made since the publication of certain of the articles 
and notes referred to, or were necessarily excluded for lack of space 
or as inappropriate to a popular consideration of the subject. The 
facts at hand are not deemed of sufficient importance of themselves to 
justify more complete treatment at the present time. 

The Gray Hair-streak Butterfly (V7anotes | Thecla| melinus Hbn.).— 
Among other garden insects observed by Mr. A. N. Caudell upon the 
occasion of his collecting trip in Colorado during the summer of 1901 
was the caterpillar of this pretty butterfly, feeding on the pods of 
Windsor ee - the gar- 
den of Mh. . Oslar, at 
Denver. a they 
live in that region on As- 
tragalus mollissimus Torr., 
a leguminous and, it might 
be added, pestiferous plant, 
growing on prairie land and 
commonly known as ‘‘ loco 
weed.” 

During the last four 
: i c i Fic. 24.—Uranotes melinus: a, dorsal view of butterfiy; 6, 
J ears this species has been butterfly, with wings closed; ¢, larva from side; d, pupa; 


under observation as an e, egg—all somewhat enlarged, except e, greatly enlarged 
(all except e redrawn from Howard). 


enemy of beans. In fact, 
the bean, although not perhaps a special food plant, appears to be 
attacked every year by this insect, although injury is not as a rule 
severe. 

In 1897 Prof. W. G. Johnson observed it on bean in Maryland (Bul. 
S-n: Ss. Div. Ent-,.p: 83): 

The next year a writer observed the larva on hog peanut (/d/- 
cata | Amphicarpea| monoica) and tick tretoil (Methomia spp.). The 
resemblance of the larva to the pods of the last-mentioned plant is 
striking. A number of other wild food plants are recorded, including 
among the legumes, bush-clover (Lespedeza). 

July 8, 1899, numerous moths were noticed by the writer at Cabin 
John, Mad., between rows of Lima beans, late in the afternoon, hover- 
ing about and alighting upon the blossoms. Some were captured for 
identification, but further observations were not made. During the 
same month and year larve were observed working on pea pods and 
devouring the peas at Carthagenia and Wooster, Ohio, and in the silk 
of corn at Clifford, Ohio (Webster, 30th An. Rept. Ent. Soc. Ont., 
pp. 56,57, 1900). 
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Attack by this species to pole Lima beans at St. Elmo, Va., was 
reported by Mr. Pratt, August 27 and later in 1900. It seems that 
even a single boring in a pod of beans is enough to insure injury. He 
estimated that about 25 per cent of the crop of that vicinity was 
damaged. 

An illustrated account of this insect, entitled **The gray hair-streak 
butterfly and its damage to beans” was published in Insect Life (Vol. 
VII, pp. 354, 355). 

It is illustrated in its various stages in the accompanying figure 24. 

A natural enemy of this insect has been observed in a small ichneu- 
mon fly Anomalon pseudargiole How. 

This species seldom does very severe damage, hence little precau- 
tion need be observed in the treatment of it early in the season. It 
would be well, however, to destroy all affected bean pods, that the 
insect may not develop and do injury in after years. 

The Bean Leaf-beetle (Cerotoma trifurcata Forst.)—This insect has 
already been reported by Professor Johnson in Bulletin No. 26 (n. s., 
p. 81) as having been very destructive in 1900 to wax and Lima beans 
throughout the trucking area of Maryland. 

May 14, of the same year, the writer found this species at work on 
bean at Cabin John, Md., doing, it would seem, the greatest damage 
ever observed in the East. Nota single leaf had escaped its ravages; 
all were pitted full of large holes or had been stripped to the midrib. 

The following day Mr. Henry Olds, of this Department, reported 
this insect injuring bean at Woodside, Md., and Mr. Pratt noticed the 
same insect at work on beans at St. Elmo, Va. 

May 26, Mr. B. M. Hampton sent specimens from Peacocks Store, 
N. C., with report that this beetle was known locally as the ‘‘terr apin 
bug” (a name which it shares with J/urgantia histrionica), and that it 
was a perfect nuisance, doing much injury to snap beans by eating 
holes in the leaves. 

A second visit was made to the infested garden at Cabin John June 
12, a month after infestation was first noticed. The rows of beans 
that had been first planted and that were’ noticed to be most injured 
were practically ruined. They had not made such good growth as 
other rows planted later, and many of the leaves had dried up and 
fallen off. The later rows, though they had made better growth, 
looked, as an observer remarked, *‘as though they had been shot full 
of holes from a shotgun.” 

The Lima-bean Vine-borer (Jonoptilotu nubilella Hulst.).—This spe- 
cies, an account of which was given by the writer on pages 9-17 of 
Bulletin No. 23, n. s., made its appearance the past year on Lima 
beans, and in a new locality. August 27, 1900, Mr. Pratt reported 
the larve at work on pole Lima beans at St. Elmo, Va., and late 
in September found that the same species was working on bush 
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Lima beans—something that it was not observed to do in previous 
seasons. 

October 8, he made examination of different plants growing in his 
own garden and reported that at least 50 per cent of the galls examined 
showed that the occupants had escaped. From observations made at 
this time he concludes that this vine borer is capable of doing severe 
damage, the part of the stem above the galls seldom producing beans, 
and in some cases dying. Injury, however, is not readily apparent 
owing to the fact that from 4 to 6 plants often grow on one pole and 
injured portions are usually concealed by the numerous leaves. In 
one instance no less than 17 galls were counted on a single plant, while 
the other plants in the same hill were scarcely affected. In another 
instance galls were observed at the roots of the plants on a level with 
the soil, the gallery extending an inch below the surface. 

At Cabin John, Md., where this species occurred in 1898 and 1899, 
it reappeared, but in much diminished numbers. 

After the publication of the writer’s article, previously cited, Dr. 
Hopkins’s note entitled ‘* A Lima bean borer” was remembered, too 
late, however, for insertion in the bulletin mentioned. This note 
appeared in Volume VII of Insect Life (p. 146.) As the publication 
mentioned is not available to everyone, his note may be repeated here: 

September 8, a Lepidopterous larva was found causing considerable damage to Lima- 
bean vines in Wood County, W. Va. The larva was about one inch long, the body 
uniform purple above and light blue beneath. It occupied about two inches of the 
vine, causing a swelling or kind of gall, in this respect resembling the habits of the 
common stalk borer (Gortyna nitela).. When more than one larva occurred in a plant 
it died from the injury. I also failed to rear the adult of this insect. 

Dr. Hopkins’s as well as the writer feels little hesitancy in stating 
that this is the same species, Jlonoptilota nubilella Hulst. 

A new natural enemy of this insect was observed by Mr. Pratt at 
St. Elmo, Va., the larva of a species of soldier beetle, either Chau- 
liognathus pennsylvanicus or Ch. marginatus. This larva was detected 
in the act of devouring a vine-borer larva, and several dead larvee of 
the moth and of the soldier beetle were found in the galls. 

Diabrotica atripennis Say.—July 10, 1899, the adults of this species 
were observed by Mr. Pratt attacking the blossoms of Lima beans at 
Travilah, Md. Specimens brought to this office continued feeding on 
bean blossoms in confinement. This is the first observation of the 
food habits of this species of which the writer has knowledge. The 
larval habits are unknown, but larve doubtless feed about the roots 
of some wild leguminous plant inthe same manner as iahrotica vittata 
feeds upon cucurbits and 72-punctata at the roots of cereals. 

The Mexican Bean Weevil (Spermophaqus pectoralis Shp.).—Under date 
of July 26, 1900, Mr. Enrique R. Margarit, Habana, Cuba, transmitted 
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specimens of black beans infested by this species, present in all stages 
at the time of receipt, August 1. Our correspondent stated that these 
beans were raised in Mexico, in hot regions, and immediately after 
harvest were taken to cold regions, where the seed was kept for a long 
time, sometimes even for two years, but as a result of being in Cubs 
even ten days seed commenced to show evidences of attack and soon 
destruction was complete. In winter this seed keeps in Cuba about 
thirty days. The same happens to black beans harvested in Cuba. 

The species does not appear to have been previously recorded from 
the West Indies. 

From the material obtained and kept under observation it is now pos- 
itive that this species has practically the same life habits as the other 
pea and bean weevils, accounts of which the writer has given in the 
Yearbook of this Department for 1898 (pp. 284-248). ; 

The Pea Weevil (Bruchus pisorum Linn.).—So far as known to the 
writer, no parasite of the pea weevil has been recorded. A single 
species of the family Chaleididee, however, Bruchobius laticollis Ashi. 
MSS.. was reared from peas infested exclusively by this weevil and 
received in October, 1893, from Fayetteville, Ark. This parasite is 
much more abundant on other species of Bruchus which affect bean and 
pea, our two bean weevils and the cowpea weevil. 

The Boll Worm, or Corn-ear Worm (//eliothis armiger Ubn.).—This 
species, after a year of comparative rarity in Virginia, Maryland, the 
District of Columbia, and northward, became quite numerous during 
the year 1900, particularly toward the close of the season, doing con 
isderable damage to late corn and some other crops, including Lima 
bean, the seeds of which it devoured. During 1899 also we received 
this insect with reports of its having been found on what appear to be 
new food plants, as follows: October 21, 1899, the larva was found 
boring into the stems of peanut by Mr. T. I. Todd, Athens, Ga.; June 
14, 1900, Mr. F. S. Earle, Auburn, Ala., reported this larva to be 
eating into and destroying seeds in the pods of hairy vetch ( Vieza vi/- 
losa); October 15, larvee were found by Mr. F. C. Pratt in considerable 
numbers in an experimental plat of chick-pea or gram ( C/cer arietinum) 
on the Potomac flats near the Department of Agriculture. 

It may be well to mention in this connection an extreme instance of 
injury to beans reported by Mr. J. H. Matheny, Long Beach, Miss, 
May 20, 1899, he sent larvee, with the accompanying statement that 
they destroyed the bean crop in that vicinity nearly every year, the 
damage being estimated at thousands of dollars. In response to inquiry 
our correspondent sent additional specimens of larve, together with 
moths and bean pods, showing the work of this species, and further 
stated that no other insect was concerned in this injury, and that the 
boll worm was destroying the bean crop of the entire Gulf coast. 

The Fall Webworm (//yphantria cunca Dru.).—During the years 1899 
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and 1900 this species was frequently observed on feans, and in one 
instance destroyed quite a number of vines of pea. In another case a 
larva was observed eating into the ripe fruit of tomato September 18. 

The Garden Flea-hopper (//a/ticus whleri Giard).—Prof. F. M. Web- 
ster has stated that he obtained newly hatched nymphs in the field 
May 8, showing, he believes, that the species winters over in the ege, 
as no adults were to be found. In Entomological News for April, 1900, 
the same gentleman states that there are probably not less than five gen- 
erations of this species at Wooster, Ohio, annually. 

In May and June, 1900, this insect was observed in some numbers 
on beans in different localities, and some leaves were found to have been 


Fic. 25.—Halticus uhleri: a, brachypterous female; b, full-winged female; c, male; d, head of male in 
outline—a, b, c much enlarged, d more enlarged (author’s illustration). 


killed by its attacks. Beets and cabbage were also affected, but injury 
was less noticeable to these crops. 

In 1901 the writer noticed severe injury to ornamental morning-glory 
in the city of Washington. 

Acanthocerus galeator Fab.—This plant-bug, better known in litera- 
ture and in collections generally as Huthoctha galeator, has been often 


seen on garden beans during recent years. September, 1900, Mr. F. 


C. Pratt observed an adult with its beak sunk in the stalk of a bean 
plant, so there can be no doubt of this host plant, although injury has 
as yet not been reported. 

So little is definitely known of the true food habits of this species that 
it may be well to mention some of the reports concerning it: 

It first came under observation at this office May 27, 1879, when 
Mr. Theodore Pergande observed a specimen sucking the sap from the 
petiole of a leaf of a terminal shoot of raspberry, the result being that 
the petiole became black and the leaflets wilted. 

July 5, 1895, Mr. D. B. Story, Darwin, Ohio, reported that this 
insect did much damage to nursery stock, particularly yearling apple 
trees, by stinging and blighting the tender tips. 
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June 8, 1899, Mr. Pergande observed one of these bugs sucking 
young shoots of plum, which were afterwards observed to wilt and 
turn black as in the observation made on raspberry; and during Sep- 
tember, 1900, he obtained a number of ymphs mostly in the last stage, 
attacking common ragweed (Ambrosia artemisixfolia), this latter 
being, therefore, undoubtedly a natural food plant. 

An account was given of this species by the late H. G. Hubbard in 
“**Tnsects affecting the orange,” which includes a figure of the adult 
and brief description of the eggs and the young nymphs. He states 
(p. 163), ‘It is a very common and often a very destructive insect,” 
presumably to orange in Florida. 

In a retently published account of this species by Messrs. Forbes 
and Hart (Bul. 60, Uniy. Ill. Agric. Ex. Sta., p. 445) some additional 


notes are given, it being stated among other things that the authors ~ 


found it on blackberry and raspberry, and on forest undergrowth in 
Illinois. It is stated on the authority of Bruner to occur on beets 
and on wild cucumber. 

Alydus eurinus Say and A. pilosulus H.-S.—During January, 1901, 
Mr. F. E. Brooks, French Creek, W. Va., wrote of an insect which is 
described as somewhat resembling the squash bug, and which he stated 
was injuring his Lima beans and late cowpeas. - 

January 15, he sent specimens found among dead bean vines, which 
there was no trouble in identifying as the above species. Specimens 
of bean pods accompanied this letter, and both pods and beans plainly 
showed punctures of a sucking insect, the beans being quite disfigured 
by the numerous discolorations formed about the punctured spots. 

In continuation of observations conducted in 1901, Mr. Brooks also 
sent additional specimens of this species of the variety ater Dall., as 
also of Alydus pilosulus H.-S., with information that they appeared to 
be responsible for the diseased condition of cowpea.. October 28, 
1901, Mr. Brooks wrote that these insects occurred again in consider- 
able numbers, but the early frost killed the vines of cowpea, as also 
the pods, and rendered it impossible to determine to what extent the 
insects were responsible for the spread of the disease in the beans and 
cowpeas. Our correspondent, however, was still of the opinion that 
under favorable conditions these insects transmitted the disease from 
one pod to another and that they may prove at times a serious pest. 
He had observed them at the date of writing collected upon the dry 
pods of cowpea. They thrust their beaks quite easily through the 
dry pods and appeared to be feeding on something within for one or 
two minutes, when they removed their beaks and inserted them in 
another place. He could not determine whether the puncture extended 
to the seeds within or not. Our correspondent’s opinion is of value, 
as he was perfectly able to distinguish the two species of Alydus, notic- 
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ing also that copulation took place only with the insect’s own kind and 
not with the associated species. The two species occurred in about 
equal numbers, their habits being the same. 

Leaf-hoppers (Tettigoniide and Jasside).—Various species of leaf- 
hoppers of the families Tettignoiidee and Jassidze were under observa- 
tion during the past three years on experimental plats of the Depart- 
ment of Agriculture on cowpea and beans. They occurred in all 
stages, feeding on the under surface of the leaves, but were not pres- 
ent in really injurious numbers. 

The crafty leat-hopper (Diedrocephala versuta Say) was the most 
conspicuous species, on account of its larger size and brighter colors, 
although numerically less than the smaller Empoascas, with which it 


Fic. 26.—Diedrocephala versuta: a, male with expanded wings; b, same with wings folded; c, young 
nymph; d, last stage of nymph—all much enlarged (original). 
Was sometimes associated. Adults were present from June to Sep- 
tember. This, like many other leaf-hoppers, probably lives largely 
on grasses, but cowpea is also greatly relished. Without doubt it 
agrees rather closely in habits with the better-known red-banded leaf- 
hopper (Diedrocephala coccinea Forst.), to which it is closely related. 
The latter, according to Messrs. Osborn and Ball, is double-brooded 
(Bul. 34, lowa Agr. Coll. Exp. Sta., p. 615, 1897). From the latter, 
versuta Aiffers chiefly in its smaller size and by having the vertex with 
the black markings nearly parallel with the anterior margin, which 
is usually black-lined. There is often a pair of approximate median 
lines on the disk. L. coccinea is reddish, with green stripes on the 
pronotum and elytra, while in wersuta yellowish or greenish predomi- 
nates, with occasionally reddish on the upper surface. A mature male 
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of this leaf-hopper is shown in figure 26 at 7, with wings spread as in 
life, while at } the same is illustrated with wings folded in the natural 
position which it assumes when feeding or at rest. From the nature 
of its markings this is a rather attractive species, and the yellow of 
the common form found in the District of Columbia is variegated 
above with green and bluish, forming stripes on the wing-covers, as 
shown. A young nymph or larva is illustrated at ¢, and d shows the 
nymph in the last or pupal stage just previous to molting. 

This species, as defined by Prof. E. D. Ball (Proc. Iowa Acad. Sei., : 
Vol. VIII, 1901, p. 30; Ser. 5, No. 21, Ohio St. Univ. Bul., p. 31)9ua% 
evidently more abundant in the South. Its name does not appear in 
any lists of New York or New Jersey species at present available, 
although it has been recorded from Ohio and Ilinois. It extends from 
central Mexico and the Gulf States northward to Maryland, Virginia, 
and the District of Columbia, and westward as far as Illinois. What 
are considered varieties of this species, however, have been described 
from South America and the Pacific coast. 

Asa result of the investigations of Messrs. Osborn and Ball (1. ¢.), 
some generalizations as to the life habits of these two families of leaf- 
hoppers have been drawn. The species under observation in Iowa 
showed, as a rule, a decided limitation as to the food plant, holding 
to one species while in the immature stage, but feeding more indis- 
criminately in more mature stages, in which respect these insects 
resemble larger forms of Hemiptera, such as the harlequin cabbage 
bug and squash bugs, which subsist normally on single orders of 
plants. The species observed deposit eges upon the stems under 
the leaf sheaths or in the leaves of the food plant. There is a wide 
divergence as regards life histories, some species producing one gen- — 
eration; the majority of the grass-feeding forms, which includes a 
very considerable percentage of these insects, two generations; and 
some having three in a season. Save in the case of hibernation in the 
adult stage, the life of a generation of adults does not exceed two 
months, while that of the individual rarely exceeds one. Males appear. 
a week or ten days earlier than the females, and their disappearance 
is much earlier. There is so little overlapping of generation that one of 
adults disappears before the nymphs of the next have matured, so that 
individuals observed at any time may be referred to the generation 
to which they belong. The eggs for each generation are deposited 
within a limited time, so that a period may be defined when all eggs 
of a given species will have been laid, and during which measures for 
their destruction may be applied. 

As a further result of these studies of the life economy of leaf- 
hoppers, it was ascertained that simply cutting the grass (and perhaps 
other plants affected) and leaving it in the field would prevent hatch- 
ing, as in no case did eggs observed hatch from stems that had been — 
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cut while green. The drying of the stems results in the crushing and 
distortion of the eggs, due to the shrinkage of the plant tissues and to 
the curling of the edges of the sheaths. 

Stictocephala festina Say.—Another leaf-hopper, was sent in abund- 
ance to this office by Mr. Thos. I. Todd, Athens, Ga., October 2, 1899, 
with the accompanying statement that they were affecting Lima beans, 
and that they were not noticed before August of that year. Our corre- 
spondent stated that this insect caused the vines which it infested ‘to 
shed their leaves, after which the stems dried, the vine finally being 
killed. The method of injury by suction was noticed. 

The species is one of wide distribution, but little appears to have 
been published concerning its habits. There is at least one record of 
injury, however, that published in Insect Life in 1888 (p. 50), which 
has reference to damage to young tomato plants at Wilmington Island, 
Ga., in April and May, 1887. Injury is described as being due to the 
insect ‘‘ringing” the stem, causing the plant to wilt. The recorded 
distribution includes territory from Connecticut in the North and East 
to Florida and Texas in the South, and in the West to Colorado and 
Montana. 

The Bean Aphis (Aphis rumicis Linn.)—This well-known species, 
which is common to this country and to Europe, having evidently been 
introduced from the Old World, has been noticed during the past four 
years in most patches or fields of bean and cowpea examined, being 
especially abundant upon the latter crop plant. 

During 1899 and 1900 it was present on Lima bean, in sufficient 
numbers to attract rather general notice particularly at Marshall Hall 
and Cabin John, Md., and St. Elmo and Alexandria, Va. It is par- 
ticularly noticeable on the last-mentioned plant from its habit of con- 
eregating on the terminal leaves and flower heads and about the stems 
of the pods. 

The species has been the subject of considerable study by different 
economic writers, including Fitch, who has given it extended notice 
in his thirteenth report on noxious and beneficial insects of New York 
(1869, pp. 495-512), and Messrs. Osborn and Sirrine (Bul. No. 23, Ia. 
Agr. Coll. Expt. Sta., 1893, pp. 901-905). In the article last cited, which 
is entitled ** Life history of a common plant-louse (Aphis rumicis L.),” 
a good account of the life cycle of the species is given as observed 
at Ames, Ia., and, as this locality is not particularly different, zoo- 
logically and geographically speaking, from the District of Columbia, 
no special study has been given the species by the writer. 

Wireworms.—Leguminous crops do not appear to be much affected 
by wireworms. No doubt the insects are frequently present, but 
injury is seldom apparent. There is one, however, that has been 
identified with attack on bean. This is a common species, particu- 
larly southward, and known as J/onocrepidius vespertinus Fab. 
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Numerous individuais of this click-beetle were observed by the 
writer during the first two weeks of July at Colonial Beach, Va. (which 
is about 45 miles south of Washington, D. C.), in beds of beans where 
no other plants grew. Search was made for the larvee, but it was evi- 
dently not the season for them, as none were found. There can be 
no doubt of their infesting beans, as 
at this time the species in question 
was the most abundant of all insects 
observed in that field. The larva and 
beetle are shown in figure 27. 


NOTES ON FLEA-BEETLES. 


Among other injurious forms of 
insect life that were noticeable by 
their numbers during the season of 
1900, flea-beetles of several species 
occupied an important place. Some 
FiG. 27.—Monocrepidius vespertinus: a, larva, of the injurious forms which were 

side view; b, larva, dorsal view; c, beetle— ° 

all three times natural size (original). attached to special plants and some of 

the more striking instances of injury 
by species of omnivorous tendencies will be mentioned in connection 
with other observations that were made concerning them. During 
1901 some species were injurious, but, as a rule, not so abundant and 


troublesome as in the preceding year. 

The Pale-striped Flea-beetle (Systena blanda Mels.).—The pale-striped 
flea-beetle was one of the most abundant and troublesome forms dur- 
ing the year 1900. In the latter half of May and early June it was 
noticed by the writer and others in greater abundance in Maryland 
and Virginia near Washington than in any previous year, and was 
concerned in inj iry to beans in several localities. It was reported to 
be troublesome to the same crop at Woodside, Md., and St. Elmo, Va., 
by Messrs. Olds and Pratt of this Department, respectively. The lat- 
ter reported that during June it did great damage to pole and bush 
Lima beans, while the ordinary field or garden beans were scarcely 
touched. In some cases replanting was necessary. The occurrence 
of the beetles in considerable numbers on other cultivated plants as 
well as upon weeds was noticed, but damage was observable only to 
beans in the localities mentioned. Beets were also the subject of attack, 
as observed by the writer, and reports of injury to beets reached us 
from different regions. This crop, however, was not severely injured, 
the beetles seeming to prefer the leaves of bean when they were 
obtainable to any other food crop. In other more distant localities it 
will be noticed that beans and peas were also much injured and beets 
suffered considerably in Michigan and Colorado, as reported. 

June 18, 1900, we received specimens of this species together with 


He 
S. hudsonias, with report that they were injurious to pole beans, as 
will be mentioned more in detail in consideration of the latter species, 
at Milo Center, Yates County, N. Y. 

Mr. Edward C. Post, Dundee, Mich., who sent specimens of this 
beetle in 1889 from Monroe, Mich., wrote June 21,1900, transmitting 
specimens taken from four different fields of sugar beet some 5 miles 
apart and about 18 miles from Monroe. In two of these fields the 
beetles did considerable damage. 

August 8, 1900, Mr. Carroll Fowler, of the Agricultural Experi- 
ment station, University of California, at Berkeley, Cal., sent speci- 
mens of this beetle with the information that they had been received 
from Mr. W. Winterhalter, Rockyford, Colo., where they were do- 
ing considerable damage to sugar beet. Mr. Winterhalter describes 
the work of this beetle as follows: 

It bores the leaves from the upper side, boring regular holes clear through the 
leaves, and, as it appears in swarms of millions, it practically kills the plants which 
are two or three weeks above the ground. These flies have destroyed quite a few 
acres in our Pueblo district. They are doing likewise with cockleburs, sand burs, 
and other weeds. The beets are badly injured and their growth is checked con- 
siderably, but this fly is too small to destroy old plants completely. The specimens 
were collected June 19, 1900. 

During the summer of 1899 imagos were reared July 22 and 23. 
In 1900Amagos of the new generation were observed August 25, over 
a month later. 

May 18, 1901, Mr. W. J. Langston, Sixmile, Ala., sent specimens 
of beetles and cotton leaves, the latter showing severe injury by this 
insect. The beetles had been seen at work only two days. 

May 21, Mr. B. M. Moose, also sent specimens with leaves of 
cotton showing similar injury. He stated that the beetles were very 
numerous on his farm at Simpsonville, S. C., having made their 
appearance two days earlier. Beets were also injured. 

June 20, Mr. A. L. Beals, Deming, Ind., sent numerous specimens 
of this beetle with report that, although the species had been in his 
garden only about three days, it had done great damage, especially to 
radish, beet, bean, melon, and cucumber. 

The Red-headed Flea-beetle (Systena frontalis Fab.).—One of the 
injurious occurrences of the year 1899 was that of the so-called red- 
headed flea-beetle, Systena frontalis Fab., at Syracuse, N. Y., reported 
by Smiths & Powell Company, August 3, as injurious to sugar beet. 
Although this is the only case of damage reported from there during 
that year, it is possible that there was an outbreak of the species in 
that portion of the United States and perhaps Canada, as this insect is 
known to be periodically troublesome in that latitude. 

Systena frontalis was first reported by Mr. William Saunders as 
injurious in the year 1882 (Can. Ent., Vol. XIV, p. 147; 13th Rept. 
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Ent. Soe. Ont. for 1882 [1883], p. 10), having been noticed at Oakville, 
Ontario, Canada, where it was damaging the leaves of grape. The 
beetles were described as being very abundant and destructive, eating 
the green tissue of leaves on the upper side, causing them to wither. 

After a lapse of five years this species was observed, together with 
S. blanda, attacking potato at Wea, Ind. (Webster, Rept. Dept. 
Agr., 1887, p. 151), and was again troublesome in Canada, this time 
as a pest in the shrubbery and on the seed beds of the botanical gar- 
den of the experimental farm at Ottawa (reported by Dr. James 
Fletcher, in his report as entomologist and botanist of the Dominion 
of Canada for 1889 [1890], pp. 87, 88). Young plants and low shrubs 
of a great many botanical orders were attacked, ravages being par- 
tic ularly noticeable upon some species of Altheea, “Hibisgae and 
Weigelia, as also upon young grape vines. Injury was all done by 
the perfect beetles, few plants appearing to come amiss to them. . 

In 1891 we received specimens, August 11, from 
Smiths & Powell Company, Syracuse, N. Y., with 
the information that the beetles were doing damage 
to pear by eating the soft leaves. A remedy was 
requested, as it was feared that, if the beetles were 
left undisturbed, that they would become a nuisance 
(Insect Life, Vol. IV, p. 185). 

The same year we Se chiet this insect as feeding 
i upon beet leaves at Lincoln, Nebr., and on the 

4 \ leaves of /Zibiscus militaris at Westpoint, Nebr., at 
Fig. 28.—Systena frentae which places the insect was observed by Mr. Law- 

ea enlarged rence Bruner in 1890 (Bul. 23 [old series], Div. 

. Ent., 1891, p. 15). 

The writer has been familiar with this species for a great many 
years, having first observed it at Ithaca, N. Y., in company with the 
commoner but less troublesome Systena hudsonias, on smartweed, 
pigweed (Chenopodium album), and other weeds in August and Sep- 
tember (Proc. Ent. Soc. Wash., Vol. II, p. 266). 

In the late Dr. Lintner’s report as State entomologist of New York 
for 1892 (p. 348), he records the occurrence of this Chrysomelid in 
injurious numbers on the foliage of gooseberry at Geneva, N. Y., 
during the latter part of July and early August of that year. 

In 1893 this flea-beetle was again troublesome in Canada, and was 
mentioned by Dr. Fletcher in his report for that year (1894, p. 28). 
It attacked a great variety of plants, including potato, horse bean, 
many kinds of deciduous shrubs, and young erapevines: having been 

especially injurious to grape at Ottawa. Its attacks were worse on 

those varieties which belonged to the thin-leaved grapes derived from 
Vitis riparia, the greatest damage having been done to young seed- 
lings which were not trained on trellises and which had not been 
sprayed with fungicides. 
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In 1896 Mr. W. 8. Blatchley mentioned this flea-beetle in connec- 
tion with its occurrence at Indianapolis, Ind., stating that it occurred 
commonly in June on the leaves of the great ragweed, Ambrosia tii- 
jida, and that it had once been taken under bark in February (Psyche, 
Vol. VII, p. 437). a, 
~ In 1900 Messrs. Forbes and Hart (Bul. 60, Univ. Ill. Agr. Exp. 
Station, 1900, p. 468) made brief mention of this species as an enemy 
of the sugar beet, introducing an original illustration of the adult. 

The red-headed flea-beetle, as its scientific name shows, is congeneric 
with the pale-striped flea-beetle (Systena blanda), which has been 
treated in preceding pages and more in detail in an article by the 
writer in Bulletin No. 23 of the present series (pp. 22-29). It is of 
very similar form, a little more elongate and considerably larger, and 
differs, moreover, in being shining black throughout, except for the 
greater portion of the head, which is red. It is not likely to be con- 
fused with any other flea-beetle, and is nearest related to Systena 
hudsonias, which is entirely black and a little smaller. Apart from 
the color of the head, frontu/is may also be distinguished from /ad- 
sonias by its somewhat broader form, the elytral punctation being 
less coarse, but rather more dense. It is shown five times enlarged at 
figure 28. The immature stages seem not to have been recognized. 

The habitat of this species has been outlined by Mr. H. F. Wickham 
so as to include the entire region east of the Rocky Mountains (Proc. 
Davenport Acad. Nat. Sci., 1896, p. 162). From a statement made by 
Dr. Horn concerning it (Trans. Amer. Ent. Soc., Vol. X V1, 1889, p. 
270), it might be inferred that its range extends from the Canadian 
region to the Southern States. Judging from reports of injury this 
species may be said to be a Transition form, extending southward 
through the Upper into the Lower Austral region. The list of local- 
ities in which it is known to occur includes: Vermont; Springfield, 
Mass.; Buffalo, Ithaca, Syracuse, Geneva, and New York, N. Y.; New 
Jersey, generally distributed (Smith); Iowa City, Iowa; Michigan; 
Westpoint and Lincoln, Nebr.; Coitumbus, Tex. (June 16); Florida; 
Ottawa and Oakville, Ontario, Canada. 

The Smartweed Flea-beetle (Systena hudsonias Forst.).—July 26, 1599, 
Mr. George G. Atwood, Geneva, N. Y., transmitted specimens of this. 
flea-beetle with the report that it was destructive to sugar beet in that 
vicinity. There is an earlier unpublished Divisional record of attack 
made to this office May 23, 1896, by Mr. B. F. Ferris, Sunman, Ind., 
who sent beetles with S. blanda, and the report that they were injur- 
ing corn in his neighborhood. It is only in recent years that this 
species has attracted any attention as a pest, the first record of injury 
known to the writer having been published in 1887 (Report Dept. 
Agr., 1887, p. 151). In that year Mr. F. M. Webster observed dam- 
age by this insect to potato at Wea, Ind., attack being shared, as in the 
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preceding case, with S. d/anda. August 17 1892, we received from 
Mr. Geo. Lamoreux, North Hector, N. Y., specimens of this beetle, 
with the statement that it fed on the leaves of grape and was noticed 
also on potato tops and on Canada thistle. June 18, 1900, we again 
received specimens of beetles together with S. b/anda, with report that 
they were injurious to several acres of white pole beans at Milo Center, 
N. Y. Our correspondent, Mr. A. H. Ansley, stated that nearly one- 
fourth of the plants above ground at the time of writing were riddled 
by the insects. Attack was first noticed June 16, when only an ocea- 
sional plant was being eaten, but at the date of writing many more 
of the beetles were seen, and the first plants infested were dried and 
crisp except a young center leaf just budding out. Sweet corn and 
other plants in the vicinity appeared to be exempt from attack. 

This flea-beetle is shining black throughout and may be distin- 
guished from frontal/s, to which it is nearly allied, by the characters 
given in the consideration of that species (fig. 28). 

According to Horn, the distribution of S. frontalis in the United 
States extends ‘‘over the entire region east of the Rocky Mountains.” 

Early in the past decade the writer had occasion to observe this flea- 
beetle in great numbers at work on a variety of weeds growing in the 
vieinity of the District of Columbia. From an account published in 
the Proceedings of the Entomological Society of Washington in June, 
1892 (Vol. I, p. 266), the following list of observed food plants of the 
beetles with other notes is taken: 

Smartweed (Polygonum hydropiper), dock (Rumex spp.), daisy (Chrysanthemum 
leucanthemum), flea-bane ( Hrigeron canadensis and philadelphicus), plantain ( Plantago 
major and lanceolata), ragweed (Ambrosia artemisivfolia and trifida), golden rod (Soli- 
dago spp.), catnip (Nepeta cataria), Brunella vulgaris, and species of vervain (Verbena 
spp.). When found upon the smartweed the little insects had riddled the leaves 
with holes. On dock they were also numerous. They choose by preference the ten- 
derest leaves of young plants, those of only a few days’ growth being frequently 
attacked, but they infest as well plants that are more mature. Their work varies 
according tothe plant attacked, but in general they eat out little holes here and there 
after the manner of other flea-beetles. On warm days they are quite active and vora- 
cious. The beetles abound throughout the sammer months and occur on a number 
of other weeds, particularly of the Compositee, besides those mentioned. 

This species is given brief consideration by Messrs. Forbes and 
Hart (Bul. 60, Univ. Ill Agr. Exp. Sta., 1900, p. 467), reference to 
its occurrence on sugar beet at Urbana, Ill., and in New York being 
noted. An original illustration of the adult is also furnished. The 
name of smartweed flea-beetle has been proposed, and this name has 
been adopted in the present article. 

The Toothed Flea-beetle (Chetocnema denticulata I\l.).—This insect 
occurred in unusual numbers in 1900, making its first appearance 
during the first week of April on grasses. May 14 ‘he writer's atten- 
tion was called to the work of the beetles on sweet corn near Cabin 
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John, Md., and a visit to the infested garden showed that the plants, 
which were only from an inch to 2 or 3 inches in height, were very 
badly infested. A dozen or more beetles were often found ona single 
plant, many 7m copula, and sometimes so many would be crowded into 
a single rolled blade as to make the interior look black. This was the 
third planting of corn which had been made in this plat. 

It was not possible to make a second visit to this garden until about 
amonth later, and then the beetles had practically disappeared, Little 
additional injury had been done, and it seems probable that the beetles 
left the plants within a week after their first being noticed. 

Search was made for the larve at the roots of corn and e@rasses, but 
without success. 

Earlier mention of this species and its attack upon millet and allied 
grasses was made by the writer in Bulletins 9 (n. s., p. 22) and 17 (p. 85). 

It has also been mentioned by different writers as an enemy to corn 
and to beets. On the former plant it sometimes occurs in abundance, 
and does conspicuous injury by making minute 
holes or elongate slits and white streaks on the 
leaves. It has been found injuring beets to some 
noticeable extent in Nebraska and Illinois, and in 
the latter State, according to Forbes and Hart 
(Baloo; Univ. Ti Agr.: Exp. Sta., 1900; p. 
466), it has been noticed in abundance on coarse 
grasses near Elizabeth, Ill. Like most of the 
Chrysomelide, it hibernates as an adult, and eggs 
have been obtained early in July. Otherwise its | 
life history appears to be unknown. FIG. 29.—Chaetoenema puli- 

This flea-beetle resembles the species which HENGE MR Cams eS, 
will next be figured, and with which it is con- 
generic in general structure as well as in habits. It is, however, 
much larger, measuring fully twice as long, or about one-tenth of an 
inch, is more robust, somewhat irregularly oval, and the entire surface 
is uniformly brightly bronzed and slightly brassy. 

It is broadly distributed from the New England States southward to 
Florida and Texas and westward to California. It apparently occurs 
nearly everywhere east of the Rocky Mountains, and westward has 
also been recorded from Utah and Montana. 

The Brassy Flea-beetle (Chevtocnemau pulicaria Mels.).—Injury to 
sweet corn by the toothed flea-beetle, as above reported, was compli- 
sated by the presence of this second species, which, however, occurred 
in much smaller numbers. 

This species (fig. 29) is the more abundant of the two in most locali- 
ties, and considerably smaller. It is probable that it is usually the 
‘ause of the trouble attributed to it. This flea-beetle measures less 
than one-twentieth of an inch, and is of oval, slightly oblong, convex 
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form, with shining surface, having a faint greenish-bronze luster. The 

legs are usually brownish testaceous, but somewhat variable. The 
thorax is nearly opaque, 7. ¢., it bears little trace of polish. 

~ It is known to occur in Pennsylvania, Maryland, Virginia, District 

of Columbia, North Carolina, Texas, and Colorado. 

The Spinach Flea-beetle (Disonycha ranthomelend Dalm.).—This 
species occurred in greater abundance during the spring of 1900 than 
in previous years when it was under observation, and was found during 
the latter days of May and the first part of June to have attacked and 
practically destroyed, while in the larval condition, whole rows of 
beets. The beets in one instance were not otherwise in condition, 
but other cause of injury was not observable. This appears to be the 
first instance of observed injury by this insect in the East. Observa- 
tions subsequently made showed that beets were generally affeeted in 
this vicinity by this insect, injury being due both to adults and larve. 
A new genus of food plants was observed ‘during the year, as also a 
new insect enemy of this flea-beetle. 

It was noticed of the full-grown larvee that had fed upon beets that 
all were of a brilliant purple hue never before seen in this species in 
its occurrence on its wild (green) food plants. 

Upon the occasion of a visit to Brookland, D. C., June 13, very 
noticeable injury was observed to beets, particularly on the edges of 
fields near weeds. Many plants, it was obvious at this time, would 
produce no taproots, and examination of numbers of them showed 
that this portion of the plant was entirely undeveloped. The owner 
of one of these gardens, Mr. EK. Heitmuller, was informed of the 
injury and he stated to the writer that he was quite familiar with the 
insect and its work, and said that at least an acre of seed beets had been 
totally destroyed for him the previous year. He also stated that the 
pests went below the surface of the ground and attacked the roots. 
Upon digging about the infested plants larvee and beetles were found, 
as well as upon the foliage, and this in spite of the fact that the day 
was very dark, the sun not having been visible for about two hours. 
There seems to be no doubt whatever that our informant is correct in 
his conclusions. Both larve and beetles, at times if not habitually, 
conceal themselves in the earth about the plants. It has already been 
shown that the larvee travel very slowly, and hence after devouring 
the leaves of one bunch of plants they attack the roots instead of 
migrating to other plants, a feat which they are nearly incapable of 
performing. 

In instances of insect attack to beets which have come under notice, 
this species has been associated with the twelve-spotted cucumber 
beetle, Diahrotica 12-punctata, and the pale-striped flea-beetle, Systena 
hlanda, both of which feed more freely exposed than the Disonycha 
larvee and beetles, and would attract attention when the others woulc 
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be apt to be missed. The cucumber beetle mentioned cuts holes of the 
same character in the leaves, and can be seen in broad daylight feed- 
ing on the upper surface. The pale-striped flea-beetle also‘ feeds 
freely on the upper surface, while the beetles of Disonycha are gener- 
ally found under the plants on the ground during the heat of the day 
and usually drop off the plants at the first sign of disturbance. At 
other times, the larve on the under surface of the leaves would not be 
noticed by the average observer. It will thus readily be seen that the 
year 1900 was not necessarily an exceptional one as regards attack by 
this flea-beetle in the East, as much of the injury that has been attrib- 
uted to other species mentioned may often 
in reality be due, at least partially, to the 
spinach flea-beetle. 

August 16, 1900, the writer observed nu- 
merous beetles of this species, dead and 
living, under plants of saltbush belonging to 
different species of Atriplex, growing on 
the experimental plats on the Department as. ny 
grounds. Under these plants the ground y 
was fairly strewn with livingand dead beetles, 
and larve were found, though somewhat 
sparingly at this time, on the foliage. The 
species of Atriplex upon which this flea-beetle was observed include A. 
semibaceatum, A. holocarpa, A. velutinella, and an undetermined 
form—all cultivated varieties, and useful as forage plants. 

Numerous nymphs of the wheel bug (Prionidus cristatus) were 
observed during the early part of June on beets infested with this 
flea-beetle. Such as were seen feeding had the larve of the beetle 
impaled on their beaks. 

The Eggplant Flea-beetle (Zp/trix fuscula Cr.).—Injury by this flea- 
beetle (fig. 30) gue has been treated somewhat fully in Bulletin 19, 

s. (pp. 87-89), was very serious to early potatoes near-Cabin John, 
Md., in 1900. When the infested fields were visited May 14, every 
plant was seen to be covered with the beetles. They were described 
to the writer as having burrowed beneath the surface of the earth in 
search of the potato sprouts. 

The common cucumber flea-beetle, Ap/trix cucumer/s, occurred upon 
the same plants in less numbers, as did also the Colorado potato beetle, 
Doryphora 10-lineata. Injury was also due in part to cutworms, and 
to extreme heat and drought, which had lasted for several days. 


Fig. 30.—Epitrix fuscula, greatly 
enlarged (original). 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT oF AGRICULTURE, 
Division oF ENTOMOLOGY, 
Washington, D. C., April 29, 1902. 

Str: I have the honor to transmit for publication a manuscript pre- 
pared by Mr. Nathan Banks, of this office, in which are considered the 
principal insects lable to be distributed upon nursery stock. ‘The 
inspection of nursery stock under State laws has become so general 
throughout the United States that the desirability of some publication 
of this sort has become very evident. I had the matter in mind last 
autumn, and at a conference of the official horticultural inspectors for 
the United States, held at Washington October 11-13, 1901, a resolu- 
tion was unanimously passed requesting this Department to prepare 
and publish an article on those nursery pests of the country which 
are capable of transmission on nursery stock to the injury of the pur- 
chasers. Since it is desirable that this manuscript shall be put in 
available shape for distribution to all horticultural inspectors and to 
all nurserymen and others immediately interested, I recommend that 

it be issued as Bulletin No. 34, new series, of this Division. 


Respectfully, 
: L. O. Howarp, 


Entomologist. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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THE PRINCIPAL INSECTS LIABLE TO BE DISTRIBUTED ON 
NURSERY STOCK. 


INTRODUCTION. 


In preparing this descriptive catalogue of the insects liable to be 
transported upon nursery stock, it has appeared that there is a great 
disparity of views as to what insects should be included. To include 
only such as are known to be very destructive would exclude a great 
many species that will be found by anyone who examines a tree in the 
fall or early spring. ‘To include all the species that are known to be 
found in any stage upon fruit trees in winter would make the list too 
bulky. Therefore, all species known to be of more than local interest 
have been treated. Notes on the species infesting fruits are added at the 
end. The insects have been arranged according to their natural orders, 
and in the Hemiptera (bugs, scale insects, plant-lice) according to the 
families. In the Coleoptera (beetles, weevils) and Lepidoptera (but- 
terflies and moths), such an arrangement did not seem desirable. No 
account of the remedies to be recommended or used is given, as these 
differ greatly, according to locality and conditions, and the various 
State laws specify certain treatments. 

It will be a great help to those interested in the growth and sale of 
young fruit trees to be able to recognize the appearance of the various 
insect pests during the winter; therefore, much attention has been paid 
to this phase of the subject. 

In using this bulletin one should remember that, besides the insects 
here treated, there may be upon a tree other insects of Jess importance. 


TABULAR STATEMENT OF INSECTS UPON THE TREE IN WINTER. 


Insects upon the roots: 


Hormune swellinos omappleiroots. .-.2-.-2--- 02-22... -s245---- Woolly aphis. 
Srpeschand plum TO0ts =... +. 2 2+--.-+-.-----+--2--5--- Black peach aphis. 
Insects upon the bark of trunk or branches: 
Peni GENIE) seo eties = 8) oo oes seb ds oe ees ee Woolly aphis. 
Small brown clear-winged insect in the crevices of bark... .-------- Pear psylla. 
SRAIERMISeC TOTS ALeaNCee se. ees koe poet cae eee Se ests See Coccide. 
Caterpillars in cases or cocoons. .-...----------- Fall webworm, bud moth, apple 
Bucculatrix, codling moth, pistol-case and cigar-case bearers. 
In nests or bunches of shriveled leaves attached to branches. - -- - Leal-crumpler, 


and brown-tail moth. - : 
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Insects upon the bark of trunk or branches—Continued. 
Ina case or bag hanging from twigs |: /-- 92-222 +2 ec see ee eee ee Bagworm. 
Clusters of eggs on bark -.------- Cankerworms, tussock moth, and gipsy moth. 
A belt of egesairound twigs 25-22 22s5- Sse ee Apple-tree tent caterpillar. 
Single small blackish eggs often in groups on twigs or branches. - -- - - Plant-lice. 
Smaller reddishteces: +20: 22 ote ose can es eee aoe ee Clover mite. 
Insects beneath the bark: 
Tiny holes usually near a crotch, each covered by a bit of frass ...-...-.- Peach 
twig-borer. 
Small brown beetle within the twig. ............------------/ A pple twig-borer. 
Small holes in bark of trunk or larger branches... ~~~ --- Fruit-tree bark-beetle. 
A gummy exudation of sap at base of tree ....-:..--.2.-.-2-- Peach tree-borer. 
Discolored spots or cracks and evidences of frass......------ Round-headed and 


flat-headed apple tree-borers, and sinuate pear borer. 


TABULAR STATEMENT OF INSECTS FEEDING ON THE BUDS AND 
YOUNG LEAVES IN EARLY SPRING. 


Feeding on the buds or young shoots. .-. Bud worm, peach twig-borer, leaf-crampler, 
brown-tail moth, pistol-case and cigar-case hearers. 
Feeding upon the leaves: 


Plantlicer tee st ee Apple plant-lice, plum plant-louse, and cherry aphis. 
Gaterpillarstintents =. ---25-< eee eee Apple-tree tent caterpillar. 
Mainyscatenpillarse = 22-.o2-5° =22e Tussock moth, brown-tail moth, gipsy moth. 
Bane caterpillars: 9 2-5 5205 ae hs Sars te af teeny oe eee Canker worms. 
A-blister-onigall upon: leavegis 2.7ica/ ise ee Hae ee; Bee Pear-leaf blister-mite. 
Small caterpillars within little cases. -.--..-- Pistol-case bearer, cigar-case bearer, 


leaf-crumpler, and bagworm. 
b) oD 


HEMIPTERA (BUGS, SCALE INSECTS, AND PLANT-LICE). 


The members of this order obtain their food (which is liquid) by 
sucking it up aslender tube into the mouth cavity. This tube or 
beak is composed of several needle-like pieces so shaped and arranged 
that they inclose a minute channel up which the liquid food is drawn. 
The beak is inserted in the plant often to some distance beneath the 
surface. The members of this order do not pass through a pupal or 
chrysalis stage like the butterflies and moths, but there is an approach 
to it in the males of the scale insects. The insects of this order to be 
treated are arranged in four families, which may be separated, for 
our purposes, as follows: 

The insect from above apparently without legs, antennze, or wings, and fixed to the 
host plant; the adult male (not often seen) usually has two wings. -.-.-.- Coccide. 
(scale insects) . 

The insect shows distinct legs and antennee, and often four wings. 

Most of the specimens wingless, and provided with two small tubes or cornicles 
(see fig. 16) near tip of body; not hopping when disturbed --.--..-.: A phididee 
{plant-lice). 

Adult always winged, without the cornicles; hopping when disturbed. 

The prothorax not enlarged, with hyaline wings. .....----------- Psyllidee. 
The prothorax greatly enlarged; wings obscured.......--.---- Membracidie. 
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FAMILY COCCIDZ (SCALE INSECTS). 


The scale insects, or bark-lice, are readily known from most insects 
in that the stages commonly seen are immovably fixed to the bark or 
leaf, and show no outward sign of legs or other structures. For a 
short time after birth they are active, crawling creatures, and distribute 
themselves over the surface of the plant. Having selected a location, 
they push their long and thread-like beaks deep into the tree and pro- 
ceed to suck up the sap. As they grow the protected or covered bark- 
lice secrete a waxy substance that hardens and forms the scale. When 
the insect molts the old skin or exuvium remains attached to the scale. 
The shape, color, and position of this exuvium is of great value in 
identifying the species. 

Their small size and similarity of appearance makes their determina- 
tion difficult, and it is rarely safe to determine the species by a few 
individuals, but on a moderately infested branch one is apt to find 
some specimens that are quite characteristic of the species. 

The unprotected bark-lice, such as the Lecaniums, secrete no cover- 
ing scale. 

TABLE OF SCALE INSECTS. 


1. Soft scales, without a shield-like covering, very convex, on peach or plum. 
Lecanium nigrofasciatum. 
2. Armored scales, with a shield-like covering and showing an exuvial spot, much 
ESSEC OMe xet Mase CANIM, 2p Ne ceoe ays, ons =the ok oe ee eee 2 oe ee 3 
3. The exuvium shows as a circular spot situated near the center or at least remote 
from the edge of the scale; the adult female scale more or less circular, rarely 
MAUD NSS BING COL Ie meeetrchee naib ay cprpeye es nye ha Se Ie Dek oe aS Ispidiotus. 
4. The exuvium showing as a more or less ribbed, elliptical spot at the end or close 
to one edge of the scale; scales usually whitish in color; if not, then of an oyster- 


5. Seale brownish; the female of an oyster-shell shape, male ovate. 
Mytilaspis pomorum. 


6. The scale whitish, female not oyster-shell shaped, male scale elongate. -------- 7. 

7. The female scale plainly ovate, much longer than broad; the male scale having 

three longitudinal keels (see fig. 4, d).------------------- Chionaspis furfurus. 

8. The female scale is irregularly circular, but little longer than broad; the male 

RealeanwiinmomemmedianukeGelv ssi. these os. LE Ck ee Seales re hl eos 9. 

9. Exuvium orange or bright yellowish; on fruit trees; male with keel rather indis- 

(UE SE PS ra ah eS et Diaspis pentagona. 

10. Exuvium pale or dull yellowish; on raspberry and blackberry; male with distinet 
k@all ne ne BES cee ES Re ee eee ee ere Aree ey lulacaspis rosie. 


THE PEACH LECANIUM. 
(Lecanium nigrofasciatum Perg.— fig. 1.) 
This insect, formerly known as ZL. persicae, is one of the largest of the 
scale insects, being about one-fifth of an inch long and two thirds as 


wide. It is elliptical in outline and strongly convex. It is usually of 
a dull greenish-brown color, sometimes distinctly marked with darker 
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bands. It is found upon-the branches of peach and plum, more rarely 
on apple, and commonly occurs on the under side of the branch, the 
upper side of which is covered with a black fungus that grows on the 
honey-dew dropped by the Lecaniums from the branch above. The’ 
females pass the winter in the adult condition. The eggs are developed 
by the latter part of May. The young hatch early in June and con- 
tinue for fully a month (June 10 to July 15). The young larve are 
flat, uniformly pale yellow, and witha thin marginal rim. They become 
stationary ina few weeks. Bythe middle of July the male pupe are 
developed, and by the 22d the first winged malesappear. There is but 
one brood a year, and the best time for treatment will be during July. 


Fie. 1.—Lecaniwm nigrofasciatum Perg.: adulis at left, young at right. (Howard). 


There is another species of Lecanium (Z. prunastrz), less commonly 
found on plum. The female is much like that of the peach Lecanium, 
but the insect passes the winter in the larval state, not maturing till 
May. The young hatch in July, migrate to the leaves, and in the 
early fall return to the branches, where they pass the winter. It has 
rarely been found in this country outside of New York State. 


THE OYSFER-SHELL BARK-LOUSE. 
(Mytilaspis pomorum Linn.—figs. 2 and 3.) 


The oyster-shell bark-louse is one of the best known enemies of the 
orchardist. It is a dark, slightly convex scale, elongate and usually 
curved in outline, much resembling a miniature oyster shell. When 
crowded upon the tree they are apt to be less curved and often quite 
straight. The elongate exuvium is situated at the small end. Its 
elongate shape and dark color at once separate it from all other com- 
mon orchard scales. The eggs, whichare whitish in color, are deposited 
in late summer, and occupy the posterior two-thirds of the scale. The 
female dies, but the scale remains to protect the eggs during the 
winter. The young hatch in May or early June, crawl out upon the 
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(Howard.) 


Fig. 2.—Mytilaspis pomorum: a,b, females; c, scales on twig; d, male scale. 


(Howard, ) 


details. 


’ 


d 


a; e, female; 6 and 


lary 


C, 


aspis pomorum: a, male; 
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twigs and small branches, and locate there permanently. In a day or 
two they begin the formation of the scale. The male scale is much 
smaller than the female, elongate, wider behind than in front, and 
little, if any, curved. It is uncommon on apple, but often found on 
other food plants. The winged male insect appears in midsummer. 
There is but one brood a year in the North, but in parts of the South 
there are apparently two broods; the second one hatching about Sep- 
tember 1. The oyster-shell bark-louse is widely distributed and 
attacks a great variety of trees, but is especially partial to apple. 


THE SCURFY BARK-LOUSE. 
(Chionaspis furfurus Fitch—fig. 4.) 


This common orchard scale is readily known by its whitish color and 
ovate form. The adult female scale is rather flat, irregularly ovate in 
outline, with the yellowish exuvium at the apex. The life history is 
similar to that of the oyster-shell 
bark-louse. The eggs are laid in 
the early fall and occupy the 
greater part of the scale. The 
mother dies and the scale re- 
mains on the tree during the 
winter to protect the eggs. The 
young hatch during the latter 
part of May or early in June. 
The male scale, which is often 
very abundant, is much smaller 
than the female, snow-white in 
color, and fully twice as long as 
broad, with nearly parallel sides 
and three keels or ridges. The 
winged male insects issue in Sep- 
tember. There is but one brood in the North, but probably two or 
even three in the South. The scurfy bark-louse is widely distributed 
and occurs on most orchard trees, but chiefly on apple and pear. 


Fic. 4.—Chionaspis furfurus: a, 5, infested twigs; c¢, 
female; d, male. (Howard.) 


Asprpiotus (CrRCULAR OR RoUND SCALES). 


To this genus belongs the most destructive known species, the San 
Jose scale. The other species, however, often cause much damage. 
There is a considerable resemblance among the various species, so 
that it is difficult for any inexperienced person to determine them. 
The final characters that separate species are based on the structure of 
the pygidial plate of the adult female scale. To observe this it is 
necessary that a specimen be boiled in caustic potash and mounted in 
balsam ona glass slide. When this is examined under a microscope 
the lobes, spines, hairs, and sinuations of the margin of the plate 
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appear quite distinctly. Thus, the characters that may be used in the 
field are not final and only comparative, and great care must be exer- 
cised, especially when only a small amount of material is available, 
and any doubt can be settled only by sending the material to some 
competent authority who can mount and microscopically examine the 
species. 

TABLE OF ASPIDIOTUS. 


1. Seale of adult female circular, with exuvium central, dark-colored, the exuvium 
pale yellowish when dark waxy outer covering is rubbed off; scale not very con- 

vex, about 2" in diameter; half-grown scales are nearly black and show a 
central nipple surrounded by one or two depressed rings... - - perniciosus Comst. 
Scale of adult female not circular, the exuvial spot at oné side of the center; the 
half-grown scales usually paler and without the central nipple surrounded by 


SIE STPSSS SS! TAINS Ses ee, eB ae oe na 

2. Adult female scale dark-colored, about 2™ in diameter; exuvial spot orange 
Oisred Gishucolonedite= sae. cscs eee eS od 1. forbesi, ancylus, and ostreeformis. 
Adult female scale paler, or larger, or with white center......................3. 

3. Seale of adult female about 2™™ in diameter, yellowish or pale brownish, with a 
Whe centerrquite tat: Ol PTape =. 222.5: 2.222... . 22a... uve Comst. 


Scale of the adult female very convex, about 23™™ in diameter, of a uniform drab 
or yellowish-brown color, the exuvial spot showing reddish, but not commonly 


OROTA eon oo bb Sas COGS R Ee SES AOE ea h Seal ee en rapax Comst. 
Seale of the adult female large, nearly 3™™ in diameter, flat, and pale-grayish in 
color; the exuvium reddish or orange -...---.------------ juglans-regiex Comst. 


In identifying scale insects by means of the above table, scales 
should be examined from bark or fruit as clean as possible, and where 
the scales are not crowded and have room to normally develop. When 
thickly massed they lose their characteristic shape and appearance, 
and on sooty or dirty bark they are discolored and abnormal. 
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THE SAN JOSE SCALE. 
( Aspidiotus perniciosus Comstock—figs. 5, 6, and 7.) 


The San Jose scale is known to every orchardist by hearsay, but 
few, however, can distinguish it from allied scales, such as ancy/us, 
Sorbesi, and ostreeformis. On badly infested trees the scale presents 
the appearance of dark gray, scurfy patches. The individual scale is 
about 2™™ in diameter, usually nearly circular in outline, of a grayish 
color, with the central darker nipple surrounded by one or more quite 
distinct yellowish or pale grayish rings. When the scales are crowded 
the outline is more or less distorted. In none of the allied forms is 
the adult female scale as nearly circular as in the San -lose scale. 
When on fruit or young twigs there is often a reddish discoloration 
around the scale. Putnam’s scale and the cherry scale have a brighter 
colored exuvium, situate one side of the center. The cherry scale is 
often much paler than the San Jose scale. The European fruit scale 
has an exuvium similar to the San Jose, but lacks the darker nipple; 
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moreover, the exuvium is plainly not at the center of the scale. The 
male of the San Jose scale is about two times as long as broad; broader 
at one end than at the other, with a large, dark exuvium, showing a 
central nipple. It is situated toward the small end of the scale. The 
male of the European fruit scale is not so elongate, and the exuvium 
is but little darker than the scale and nearer to the small end than in 
the San Jose scale. The male of Putnam’s scale is as elongate as that 
of San Jose, but has an orange exuvium. The male of the cherry 
scale is in shape much like that of the San Jose scale, but the exuyium 
is of a brighter yellow, the scale usually being paler than the San Jose. 


Fic. 5.—Aspidiotus perniciosus: a, infested twig; b, view of infested bark magnified. (Howard and 
Marlatt.) 


In general the adult female of the San Jose scale may be distin- 
guished from its allies by the more circular scale, with yellow exuvium, 
when exposed, more centrally located, otherwise with dark nipple; the 
male by similar characteristics of exuvium and nipple. But the San 
Jose scale is most easily recognized by its immature scales, which are 
almost black, circular, and with a central nipple surrounded by one or 
two depressed circular rings. Such a character is not found in any 
other of the allied scales, 
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The San Jose scale attacks all of our orchard trees, but appears to be 
most destructive to pear and peach. The insect is represented in 
winter by partly grown specimens whose development was stopped by 
the cold weather. They resume growth in the early spring; the 
males soon appear, mate with the females, and the latter give birth to 
living young. At Washington, D. C., this time is about the middle 
of May, and the young continue to appear for about six weeks. The 
larva crawls off a little way, settles, and within two days begins the 


Fic. 6.—Aspidiotus perniciosus: a, female; b, margin of pygidium magnified. (Howard and Marlatt.) 


secretion of its scale. This young scale is at first white with a swell- 
ing in the center. If it is situated on green tissue it is apt to pro- 
duce a redness. In a few days the pale scale becomes nearly black, 
with a‘central nipple surrounded by one or two depressed rings. This 
form is very characteristic of the species. In about twenty-five days 
another brood of males appears, and in thirty days the females become 
adult. At about thirty-five or forty days of age the females begin to 
give birth to living young. Since one of these mother scales may 


have been born six weeks before another, it results that there is a 
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contusion of generations throughout the summer, breeding constantly 
going on untii late fall. The number of broods will thus depend upon 
the length of the season. 


Fig. 7.—Aspidiotus perniciosus: Infested fruit and branch, and enlarged scales. (Howard.) 


THE EUROPEAN FRUIT SCALE. 
(Aspidiotus ostreeformis Curtis—fig. 8. ) 


This species can usually be readily separated from the San Jose 
scale by the characters mentioned under that species, but it is practi- 
cally impossible, without making a microscopic mount, to distinguish 
it from Putnam’s scale and the cherry scale. The cherry scale, espe- 
cially when on cherry, is more shining and often shows a grayish 
margin. The European fruit scale occurs on all orchard trees, but 
only, so far as known, in certain Northern States. The winter is 
passed by the partly grown specimens, which become mature toward 
the last of June, and soon begin to give birth to living young. The 
young continue to appear for several weeks. There appears to be but 
one brood a year, at least in the Northern States. 


hp odin Me pal 


Ves 


PUTNAM’S SCALE. 
( Aspidiolus ancylus Rutnam. ) 
This scale is widely distributed and attacks all orchard trees. In 
general appearance it is like the San Jose scale, but at once known by 


the exposed orange exuvium, the less circular scale, and by the half- 


grown young having no depressed ring around the nipple. It can be 
separated from the European fruit scale and from the cherry scale 
only by a microscopic examination of mounted specimens. It is usu- 
ally much darker than the cherry scale, the exuvium usually a brighter 
orange, and the scale more conical than that species. Specimens vary, 
however, a great deal in these points. 
The insect winters in a nearly full- 
grown condition. The males appear in 
April, soon pair with the females, and 
the latter deposit eggs in the late spring 
orearly summer. The young begin to 
hatch early in July and continue dur- 
ing the month. There is but one brood 
a year. 
THE CHERRY SCALE. 


(Aspidiotus forbesi Johnson. ) 


This scale is similar to Putnam’s and 
to the European fruit scale, but some- 

‘ = ants Fic. 8.—Aspidiotus ostrexformis: a, scales 
times, especially on cherry, it IS more on twig; b, natural size; ¢, immature 
shining, and presents a gray rim around — “tage; «, female; ¢, male; fand‘g, in- 

" . . 5 side of scales. (Marlatt.) 

the scale, which is commonly flatter 

than the allied species. It attacks all orchard trees, but is rarely com- 
mon. It winters partly grown, like its allies. The male issues in 
April. . The eggs are laid in April or early May, the young hatching 
during May and part of June. There appears to be two broodsa year, 
the males of the second brood issuing during the latter part of July 
and the young during August and September. 


THE WALNUT SCALE. 
( Aspidiolus juglans-regix Comstock—tig. 9.) 


This insect is at once recognized by the large size of the adult female 
scale, it being the largest of our species of the genus, the scale often 
being 3" in diameter (one-twelfth inch), while the San Jose scale is 
scarcely 2" in diameter. The adult female scale is irregularly circu- 
lar in outline, quite flat, and of a pale grayish or dirty-white color. 
The exuvial spot is reddish or orange and situated one side of the cen- 
ter. The scale often appears to be less closely attached to the bark 
than with the other species of this genus. The male scale is elliptical 
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and much smaller than the female. The adult female scale hibernates, — 
and deposits eggs in early spring. The males from them issue early 
in June. Eggs are deposited again in June, so that there appears to 
be two or possibly three broods in the South. This species is not 
abundant, but Hable to be found on almost any orchard tree. 


Fic. 9.—Aspidiotus juglans-regix: a, female; b, male; c, pupa; d, e, infested twigs. (Howard.) 


THE GREEDY SCALE. 
( Aspidiotus rapax Comstock—tig. 10. ) 


This is quite a large species, readily distinguished from the others 
we have treated by its very convex scale and uniform drab or yellow- 
ish-brown color, except for the dark brown exuvium which often shows 
near the center. The adult female scale is less circular than most of 
the other species, and does not always show the exuvial spot, which is 
at one side and covered with a film of secretion. The male scale is much 
smaller, and elliptical in outline. The young are nearly circular, with 
a central nipple often surrounded by a pale gray ring. This scale 
is very abundant in California and has spread somewhat eastward, 
especially in the South. It attacks various orchard trees, but more 
commonly the orange. It is a scale that is liable to be found more 
commonly in the future, and orchardists should be on the lookout for 
it. The greedy scale, in California, winters in all stages. 


THE GRAPE SCALE. 
( Aspidiotus uve Comstock. ) 


This is a more or less elliptical scale, with the exuvium rather nearer 
oneend. It has a yellowish or pale brownish color, with a whitish 
center near the exuvium, the latter of a pale yellow. The scales are 
often found in a longitudinal row, and rarely infest both sides of the 
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same branch. It winters in the egg stage. The young hatch in May; 
the males issue in the summer. There is but one brood a year. It is 
practically confined to the grape, but has been found on a few other 
plants, and may spread to fruit trees. 
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Fig. 10.—Aspidiotus rapax. Seales on twigs, and enlarged. (Howard.) 


THE PEACH SCALE. 
(Diaspis pentagona Targ. Tozz.—fig. 11.) 


The peach scale, sometimes known as the ** whitewash scale,” is of a 
grayish white color, rather flat and irregularly circular or slightly 


Fig. 11.—Diaspis pentagona: a, infested branch; b, female; ¢, male; d, group of males. (Howard.) 


. . ul = Ve <0 ry. + 
ovate in outline, never as elongate as the scurfy bark-louse. he 
exuvium is often a little way from the margin, and is yellowish or 
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orange in color. Its pale color and elongate exuvium will readily 
separate it from all other scales on orchard trees. The insect passes 
the winter with the mature females and the male scales. The males 
hatch in early spring. The eggs are laid early in May, and the larve 
hatch in about ten days. The males again commence to issue by 
the middle of June, and the females begin egg-laying by the end of 
June. The second generation is full grown by the middle of August, 
and these in time soon begin to lay eggs for the brood that will winter 
as mature females and undeveloped males. 


Fig. 12.—Aulacaspis rose ; 1, infested branch; 1a, female; 7b, male. (Comstock.) 


The male scale (fig. 11, c, d) is elongate, about three times as long 
as broad, slightly wider behind than in front, with a median keel, and 
snow white in color. The male scales appear to be most numerous on 
the lower parts of the branches and near the base of the trunk and 
often so matted as to make the trunk or lower branches absolutely 
snow white. The peach scale is becoming common in many of the 
Southern States and as far north as Pennsylvania. It infests plum, 
cherry, and peach, and less commonly other plants. 
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THE ROSE SCALE. 
(Aulacaspis rose Sandberg—fig. 12. ) 


This species is similar to the peach scale, and, indeed, the easiest 
way to distinguish between them is by their host plants. The peach 
scale does not affect the host plants of the rose scale, which are roses, 
raspberry, and blackberry. The scale covering is much more thin and 
delicate and the exuvium is usually of a paler or duller yellow than 
in the case of the peach scale. The keel or ridge of the male is more 
distinct. The life history of this species does not appear to be well 
known in this country. It winters, as a rule, in the egg as far north 
as New Jersey; but mature females and immature females and males 
may be found in winter. In the early spring one 
often finds the female scales surrounded by a radiate 
row of male scales. It is probable that there is more 
than one brood in a year, at least in the South. 


FAMILY APHIDZ (PLANT-LICE). 


The plant-lice are small, sluggish insects found on 
the under surface of leaves or on the bark and roots. 
Most of the individuals have no wings, but at times 
one finds some specimens with delicate transparent 
wings laid roof-like over the body. They all have 
distinct legs, a pair of moderately long antenne, and 
usually quite prominent eyes. They occur in colo- 
nies, and by their numbers often do a considerable 
amount of damage. The eggs are found on trees in 
winter situated near the base of twigs and buds. (See 
fig. 13.) They are minute, oval, or elliptical shining Fic. 13—Eggs of a 
black objects. During the warm part of the year the ee = 
females produce living young, so that one individual 
may, in a few months, be the parent of a large colony. Many of the 
species secrete a sweetish liquid from two pre-apical tubes or cor- 
nicles. This liquid is known as honey-dew, and attracts other insects, 
especially ants. 


TABLE OF PLANT-LICE. 


A. Plant-lice on the bark or roots: 


With a whitish, woolly, or cottony covering. .....-..------ Schizoneura lanigera. 

immoaTeheOVerMNes 6. -,.0-12-- 5-2 - sees ogee eet Se wa {phis persice-niger. 
B. Plant-lice on the leaves: 

With bluish-white mealy powder; on plum ..-.--.---------- Hyalopterus pruni. 

DmeeOWal MOnNCHOINYS soo. = 50... 2- +. ~ <= 2S eeqnee a = - sete ed Myzus cerasi. 


Green, or faintly reddish; on apple... ------------- Pae ood Iphis mali and A, sorbi. 
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THE WOOLLY APPLE APHIS. 
(Schizoncura lanigera Hausmann—figs. 14 and 15.) 


One often notices on the trunk or larger branches of the apple 


Fie. 14.—Schizoneura lanigera; a, agamic female; b, larva; c, pupa; d, winged female. (Marlatt.) 


small, bluish-white, flocculent patches of a woolly substance, which 
indicate the presence of this insect. 
This cottony substance is a wax-like 
excretion clinging to the posterior 
parts of a small, reddish-brown 
wingless aphis. It is not, however, 
this form on the trunks that causes 
injury. This aerial form is but the 
indication that there are other speci- 
mens, under the ground and feeding 
on the roots of the tree. It is the 
latter form that seriously affects the 
vitality of the tree. Upon the trunk 
the lice often cause a roughening 
of the bark, especially on the new 
growth around scars made by prun- 
ing. On the roots the lice cause 
hard and large knots, which eventu- 
ally produce a ‘‘club-footed” con- 
dition of the roots. Such trees 
usually show their weakness by the 
fewer and duller colored leaves. 
The woolly aphis is practically 
Fig, 15,—Schizonewra lanigera; a, b, work on confined to the apple, but there are 
Rede ce Verte afew varieties, such as the Northern 
Spy, that appear to be immune against its attacks. The lice com- 
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monly found on the trunk and roots in summer are the wingless, 
agamic females. They give birth to living young, and continue to do 
so, possibly for several years. In spring some of the root-lice will 
crawl up the trunk and continue to breed there till fall. The colonies 
of lice on the trunk give rise to winged and migratory females. These, 
when they locate, give birth to wingless male and female lice, and each 
female deposits a single winter egg in a crevice of the bark. This egg 
will, in the spring, hatch into a female which will start a new colony 
of wingless lice on the trunk. Some of these will, in the summer, 
crawl down upon the roots and continue to breed there. In the north 
the colonies on the trunk are apt to be killed out by the severe cold 
weather, but in warmer latitudes many of them live through the winter, 
particularly if they are protected by a piece of bark. 


THE BLACK PEACH APHIS. 


(Aphis persice-niger EK. F. Smith—fig. 16. ) 


This insect, like the woolly apple aphis, does its great injury under- 
ground. Its ravages on the roots of peach give a sickly appearance to 
the foliage of the affected tree, the leaves often being light green or 
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Fic. 16.—Aphis persicx-niger; winged specimen. (J. B. Smith.) 


yellowish in color, and their edges somewhat rolled. The wingless 
lice on the roots are of a dark-brown color. They breed there con- 
tinuously without producing males or eggs. Early in the spring some 
of the root-lice crawl up the trunk of the tree and locate on the young 
twigs. Here the winged form develops and migrates to other trees to 
found other colonies. The winged insect is of a shining black or very 


dark brown color, the tibie of the legs being mostly yellowish. 
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Toward midsummer many of the lice on the twigs crawl down into the 
ground and locate upon the roots. 


APPLE PLANT-LICE. 


The foliage of apple trees, particularly of young trees, often appears 
curled, and sometimes discolored. This curling is produced by colo- 
nies of plant-lice. These lice secrete a sticky liquid known as honey- 
dew, which falls on the leaves below. A black fungus grows upon the 
leaves covered by the honey-dew, and this checks their growth. There 
are several of these plant-lice that attack the leaves of apple; two of 
them are greenish in color, another has a reddish tinge. 

The commoner of the two green species is known as Aphis mali 
Fitch. (probably Aphis annuz Oest). Its life history is about as fol- 
lows: The eggs are laid on the tree in the fall, partly hidden in crey- 
ices of the bark; the young hatch from these eggs in early spring, and 
grow into wingless and sexless lice, known as ‘‘ stem-mothers,” which 
produce living young; these young become winged, and, in the early 
summer, migrate to grasses, where they increase during the summer. 
In the fall they develop a set of winged, sexless lice, which migrate 
back to the apple and give birth to sexed individuals; these pair, and 
the female lays her eggs. 

The other green species is Ap/is mali Koch. It passes its entire 
life history upon the apple. The eggs are laid in the late fall. They 
are black, and occur generally on the trunk and branches. In early 
spring the young hatch from these and grow into stem-mothers. . These 
produce living young fora number of generations. Many of these of 
the first two generations become winged, fly to other apple trees, and 
there start colonies. In October sexed specimens are produced, and 
the female lays the eggs that are destined to pass the winter. 

The other apple plant-louse is A. sorbz Kalt. It is distinctly tinged 
with red, and the wingless forms have a whitish powdering on the 
body. This species has a life history similar to that of Aphis mali 
Fitch., but it is not known what plants serve as its summer hosts. 


THE PLUM PLANT-LOUSE. 


(Hyalopterus pruni Fabr. ) 


This insect winters in the egg state. The young on hatching in 
spring go to the under surface of the leaf and there multiply rapidly. 
Their bodies are covered by a bluish-white mealy powder. Winged 
specimens are occasionally developed which migrate to other trees. 
They feed on the plum all summer, but some specimens are said to 
migrate to grass in early summer. In the fall the winter eg@ is 
attached to a plum twig, usually at the base of a bud. At times they 
do considerable damage to young plum stock. 
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THE CHERRY APHIS. 
( Myzus cerasi: Fabr.) 


This aphis often causes the leaves of the cherry to become crumpled 
and rolled, and on young trees sometimes does serious damage. The 
winged and wingless insects are both of a dark brown color, and look 
much like the black peach aphis. The eggs are laid in the fall on 
the branches at the base of buds and in crevices of the bark. The 
young hatch from them in the spring when the buds begin to swell, 
crawl out upon the buds and growing leaves, and develop into stem- 
mothers, which give birth to living young. This is kept up all sum- 
mer until the fall, when the sexes appear and the female deposits her 
eggs. A number of winged migrants are developed in the spring 
generations, which serve to spread the species. The insects usually 
become very abundant by June, but in midsummer they are not as 


common. 
FAMILY PSYLLIDZ. 


THE PEAR-TREE PSYLLA. 


( Psylla pyricola Forster—fig. 17.) 


This insect is closely related to the plant-lice, but readily known by 
its longer antenne and its ability to hop. Its color is reddish, with 
5 . 


Fig. 17.—Psylla pyricola; greatly enlarged. (Marlatt.) 


some black markings, and with clear wings laid roof-like over the 
body. When disturbed, it hops and flies away. 
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The insect is widely distributed in the East, but usually is not abun- 
dant enough to seriously injure the tree. When they become excess- 
ively abundant they cause the leaves and fruit to dry and fall. The 
adult insect hibernates in crevices of the bark. These overwintering 
specimens are brownish-black in color, with bronzy eyes. They emerge 
from their hiding places in the early spring, mate, and the female begins 
to lay eggs before the leaves are out. The eggs are placed singly or 
in groups in crevices of the bark of the twigs or in old leaf scars, and, 
when the leaves have unfolded, upon the Jeaves themselves. The larvs 
hatch in about two weeks and begin to suck the juices from the leayes 
and petioles. They at once commence to excrete honey-dew, and 
when the insects are extremely numerous the amount of liquid secreted 
is enormous and fairly rains from the 
tree. A black fungus grows on the 
honey-infested leaves and tree, so that 
the whole soon has a smoked appear- 
ance. In about thirty days the larva 
hecomes adult. Development contin- 
ues all through the summer, and there 
may be as many a five broods if the 
season be long enough. It is only 
known to attack the pear. 


FAMILY MEMBRACID2. 
THE BUFFALO TREE-HOPPER. 
(Ceresa bubalus Say—fig. 18.) 


Upon young fruit trees, particularly 

the apple, one sometimes sees a series 
of oval or elliptical scars that disfigure 
Fig. 18.—Ceresa bubalis: a, insect; b, recent and weaken the branches and render 
DEB CHONES: GH PEBE; ¢, ONT SOT anata > een) StatemCO. OLECE insect. attack. 
These sears are the results of the work of a curious insect, the buffalo 
tree-Lopper. It is a grass-green, triangular insect that hops and flies 
away when disturbed. The pronotum of the thorax is enlarged, as 
with others of this family, to cover the head and most of the abdomen. 
The anterior corners of the pronotum project laterally into acute 
angles. In August and September the adult insects may be found on 
the trees engaged in oviposition. The female cuts the bark with 
her oyipositor in two nearly opposite curved slits, so that the bark 
between is cut loose. Beneath each slit she deposits a series of from 
6 to 12 eggs. These eggs hatch in the spring. The dead piece of 
bark falls out and leaves the elliptical scar, which enlarges with the 
subsequent growth of the twigs and becomes an inviting point for 
the attack of other insects. There is but one brood each year. 
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LEPIDOPTERA (BUTTERFLIES AND MOTHS). 


The caterpillars and cocoons of these insects are known to all. The 
vaterpillars differ from the grubs of beetles in that they have on the 
under side two rows of prolegs—fleshy, wart-like structures that serve 
to support the posterior part of the body. The injuries caused by 
these insects are made by the caterpillar. These have biting mouth- 
parts that nip out tiny pieces of the leaf or wood, which is then 
chewed and swallowed. The more injurious forms that are liable 
to be transported on nursery stock may be arranged as follows: 


HpheecumenGMimetnertrunikes eae See eee 2S ne oh ee 8 Peach-tree borer. 
Feeding within the twigs or leaf-shoots....-..----.---..------ Peach twig-borer. 
LPeceee bimalee? (ay ay ONAN TH) NENT KSEE GeNS pe Pe ee eee ie, 2. 

2. The insect covered by a case.....---- Bagworm, leaf-crumpler, pistol-case bearer, 

cigar-case bearer. 
pe CeU GEN OLEGCOVENEO MID incl CASC a0 a) ets ne oe Ss al Ps ee Se 3. 
3. Making tents or nests. _.-.--..-: A pple-tree tent caterpillar, fall webworm, brown- 
tail moth, leaf-crumpler, and bud moth. 
a MRR TMP ent awe ete ee ae ot ok ne AL wei e eee 4. 

Pesilcuinvacaterpillanswesms Am tee o£ 2) 2 Dee te Ls Tussock moth, gipsy moth. 

Area EN yplil airs) weer) nse eit tac eee ee ts SE ee) Wri 2 Cankerworms. 


THE APPLE-TREE TENT CATERPILLAR. 


( Clisiocampa americana Harr—fig. 19. ) 


Fic. 19.—Clisiocampa americana: «a, b, caterpillars; c, egg-mass, d, pupa, e, female, f, male. (Riley.) 


The webs or tents of this caterpillar are frequently found on orchard 
and nursery trees in May and June. The caterpillars use this tent as 
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a common home, where they retire at night and remain during cloudy 
days. Each clear morning, at about 8 o'clock, they go out along the 
branches to the leaves for feeding. The amount of damage done will’ 
depend a great deal upon the number of tents upon the tree. The 
eges are laid in masses of 200 or 300 arranged in a broad belt around 
the twig. (See fig. 19, ¢.) Each end of this belt tapers off to the twig, 
which character serves to distinguish it from similar egg-clusters of 
certain other moths. Each mass is covered with a glistening sub- 
stance that protects it from the rain. The young caterpillars hatch 
during the latter part of April or early in May, at about the time 
when the leaves are expanding. They immediately begin to feed on 
the leaves near by and to unite them into their tent, which is enlarged 
as the caterpillars grow. The full-grown larva is nearly 2 inches long, 
hairy and black, with a white stripe along the back. On each side of 
this is a row of short, yel- 
low streaks; there are also 
pale lines on the sides of the 
body. The under side is 
nearly black. When ready 
to pupate the caterpillar 
seeks some protected spot 
and there spins its yellowish 
cocoon, and soon changes 
to a brown chrysalis. The 
moth, which is brown, with 
oblique white bands across 
the forewings, emerges in 
a week or so and deposits 
her egg-mass and dies. 
There is but one brood a 
year. 


THE FALL WEBWORM. 


(Hyphantria cunea Dru.—tig, 20. ) 


During the summer and 
early fall webs or tents sim- 
ilar to those of the apple- 
tree tent caterpillar are 
often seen among the terminal branches of fruit trees. These are the 
work of the fall webworm. The eges of this moth, 300 to 500 in num- 
ber, are laid in patches on either side of the leaves in June. The larve 
issue from June to August, and at once begin their web. They eat 
only the upper surface of the leaf, leaving the veins and the under 
surface untouched. The young caterpillar is pale yellowish, with dark 
spots along the sides and covered with scattered hairs. The full-grown 


Fic. 20.—Hyphantria cunea: moths and cocoons. (Howard). 
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caterpillar is velvety black above, the sides have two yellow stripes, 
and between them are many blackish patches and dots. The yellowish 
or brownish hairs are mostly in tufts which arise from tubercles or 
warts. Some specimens are quite pale; others very dark. In Septem- 
ber or October the caterpillar is ready to pupate, and descends to the 
main branches or trunk of the tree. Here it makes a delicate cocoon, 
within which it changes to a chrysalis. The insect passes the winter 
in this stage, and the moth emerges the following spring. The latter 
has white, sometimes spotted wings, and expands about an inch and a 
‘half. There is but one brood each year in the North, but from New 
York city south there are two broods, the caterpillars of the second 
making their appearance in August. 


THE BROWN-TAIL MOTH. 
(Euproctis chrysorrhea Linn.—fig. 21. ) 


This insect, at present confined to certain parts of eastern Massa- 
chusetts, is such a dangerous pest that all interested in nursery trade 


Fic. 21.—Euproctis chrysorrhea. Moths, laryee, and cocoons. (Howard.) 


should be able to recognize it. During winter their small but very 
compact webs or nests attached to the terminal twigs are very promi- 
nent objects and will aid in distinguishing the species. In midsummer 
the eggs may be found in patches of two or three hundred attached 
to the under side of a leaf near the tip of a branch. The egg mass is 
covered by a dense layer of brown hairs from the tip of the abdomen 
of the female. The young hatch in August and eat the surface of 
the leaf. As soon as it is devoured they draw another leaf to it, until 


in the fall they have quite a tent. On the approach of winter they 
strengthen their tent and use it to shelter them during the winter. 
In spring they come out, eat the unfolding buds and tender leaves, 
and thus do great damage. The full-grown caterpillar is about 13 
inches long, dark brown, mottled, and spotted with orange, and clothed 
with reddish-brown hairs and two rows of dense tufts of’ white hair 
along the upper side of the body. By the middle of June the cater- 
pillars are ready to pupate, and each makes a cocoon attached to a 
terminal branch, or sometimes elsewhere on the tree, or even on some 
other object. These cocoons are often close to each other, so as to 
form quite a mass. The moths emerge in a few weeks. They have 
white wings, and the females a brown tip to the abdomen. There is 
but one brood each year. 


THE LEAF-CRUMPLER. 
(Mineola indiginella Zell. ) 


The presence of this insect is easily recognized in winter by the. 
clusters of brown, shriveled,and partly eaten leaves fastened together 
and to the twigs by silken threads. Within each cluster of leaves is 
a curved tube, usually sinuate at the small end, and within this tube is 
the small, brownish caterpillar of this moth. This caterpillar is but 
half grown. In early spring the larva cuts loose from its fastenings, 
crawls with its case out upon the branches, and attacks the developing 
buds and young leaves, thus causing a great deal of injury. The cat- 
erpillar becomes full fed by the middle of May, and is then of a green- 
ish color. It pupates in the larval nest, and the moths issue in June 
or early July. The eggs are deposited in July, singly on the leaves. 
The young larva, upon hatching, starts to make a little case for itself, 
which it enlarges when necessary. They feed on all fruit trees, but 
are partial to apple, and there is but one brood annually. 


THE WHITE-MARKED TUSSOCK MOTH. 
( Orgyia leucostigma S. & A.—iig, 22. ) 


The caterpillar of this moth, which does great damage to shade trees 
in cities, sometimes attacks apple and other fruit trees. The adult 
insect is a light-grayish moth, the female wingless, the male with ash- 
gray wings, expanding about 1} inches, and the antenne are feathered. 
The eggs, 300 to 500 in number, are laid by the wingless female in the 
fall within a frothy substance, which on drying becomes hard and 
brittle. The whole is a very prominent whitish mass, often situated 
partly or wholly upon the old cocoon. In May the young larvee hatch 
and begin eating the foliage. The larve are full-grown in July, and 
spin their slight silken cocoons, attached to any convenient spot. The 
full-grown caterpillar is a very handsome insect, about 1} inches in 
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length, yellowish, with three blackish stripes along the body, and a 
bright-red head. It is clothed with long, scattered hairs, four white 


O.HEIDEMAN S.C. 


Fie. 22.—Orgyia-leucostigma. Various stages; eggs at hand k. (Howard.) 


tufts on the anterior part of the body, and three long black plumes, 
two in front and one at the tip of the body. In the North there is 
but one brood a_ year, 
but from New York city 
south there are usually 
two broods, the caterpil- 
lars of the second appear- 
ing in early August. 


THE GIPSY MOTH. 


(Porthetria dispar Linn—figs. 


23, 24, and 25.) 


Although practically 
confined to certain parts 
of Massachusetts, this insect is quite liable to spread, and all interested 
in orchards and nurseries should be able to recognize this caterpillar. 

94849 -No. 34—02——3 


FIG. 23.—Porthetria dispar: female moth. (Howard.) 
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The eggs to the number of 400 to 500 are deposited in clusters attached 
to trees, fences, ete. Each cluster is covered with yellow hairs from 
the body of the female, which causes the mass to resemble a piece of 
sponge. The caterpillars hatch from April to June, and feed vora- 
ciously on the leaves, mostly at night. The full-grown caterpillar is 
about 2 inches long, of a grayish, mottled appearance, with the tuber- 


Fig. 24.—Porthetria dispar. Larva. (Howard.) 
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cles on the anterior part of the body blue, and those on the hinder part 
of the body red, all giving rise to long yellow and black hairs. When 
the caterpillars are about half grown they begin to crawl down the tree 
to the ground in early morning, and ascend again for feeding in the 
evening. By July they are ready to pupate in a thin cocoon fastened 


Fic. 25.—Porthetria dispar. Chrysalis, (Howard.) 


to the trunk of the tree, to a fence, or other convenient object. The 
pupal period is about ten days, and the moths issue in August. 
The female moth has whitish wings with several black spots, notably 
around the outer margin. The male is brownish, with darker undu- 
late lines and spots. The gipsy moth attacks almost every sort of tree, 
und there is but one brood a year. 
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CANKERWORMS. 
(Figs. 26, 27, 28, and 29. ) 

These slender, bare caterpillars appear on apple and other fruit 
trees in early spring and eat holes in the leaves. As they crawl they 
loop up the body, and are thus called *‘ measuring worms” or “inch 
worms.” Thereare two species of the cankerworms, their habits, how- 
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i 3 
Fig. 26.—Alsophila pometaria: a, male; b, female. Fre, 27.—Alsophila pometaria: a, b, e, e&8s; 
c, d, details. (Riley.) f, larva; ec, d, segments of same; g, pupa. 


(Riley. ) 


ever, being similar. The eggs are laid in clusters on the tree in the fall 
and early winter, with the fall species (A/sophila pometaria- Warr.); in 
March or April with the spring species (Paleacrita vernata Peck). 
The eggs of the former are flattened on top; those of the latter are 
rounded. The lary hatch in early spring and at once feed on the 
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a Ith: 
Fic. 28.—Paleacrita vernata: a, male; b, female, Fic. 29.—Paleacrita vernata, a, cater- 
c, d, e, details. (Riley.) pillar; b, egg; c, d, segment of 
caterpillar. (Riley.) 


leaves. When full grown they descend to the ground and pupate 
therein, the moths issuing in late fall or very early spring. ‘The 
females are wingless, and obliged to crawl up the tree to deposit eges. 
So fs) ac 
The males have large, thin, gray wings. There is but one brood each 
year. 
THE PEACH-TREE BORER. 


(Sanninoideu exitiosa Say—tig. 30.) 


This destructive insect is readily discerned by the presence of a 
gummy exudation mixed with frass and excrement at or near the base 
of the tree. The parent moth lays the eggs singly (from May to July, 
according to latitude) on the bark of the tree, usually near the base. 
The young larva burrows into the bark and mines between it and the 
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sapwood during the summer and fall. It is quiescent during the 
winter, but resumes feeding in the early spring, reaching full growth 
by May or June. The caterpillar is then a little over 1 inch in 
length, soft, and pale yellowish in color, with a shining, dark-brown 
head. It transforms to a chrysalis within an elongate cocoon just 
beneath or sometimes outside of the bark. The moths emerge in May 
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Fic. 30.—Sanninoidea exitiosa: a, female; b, male; c, larva; d, e, female and male pup; f, cocoon. 
(Marlatt. ) 


or June. The female has dark-blue fore-wings; the male has clear 
ones. It primarily attacks peach, but sometimes cherry and plum. 
There is but one brood each year. 


THE PEACH TWIG-BORER. 


(Anarsia lineatella Zell.—fig 31.) 


to} 


The presence of this insect in the winter is quite readily known by 
bits of frass attached to the bark, often at the crotches of branches or 
twigs. Each bit of frass covers 
the entrance to a small burrow 
lined with silk, within which the 
young larva of this insect passes 
the winter. It is now of a yellow- 
ish color, with the head and thoracic 
segments, as well as the last seg- 
ment, almost black. Early in 
spring, when the leaves are coming 
out, the larvee abandon their bur- 
rows and attack the tender leaf 
Fic. 31—Anarsia lineatella: a, infested twig; shoots, boring into them from a 

b, same enlarged; ¢c, larva in case, d, larva en- . . 

larged. (Marlatt.) point a little below the apex, and 

when one shoot commences to dry 
the larva leaves it and attacks another. In about two weeks the larva 
is full grown, and pupates in a slight open cocoon attached to the 
bark or among the shriveled leaves. The tiny, grayish moth issues 
in May. Two broods follow this, the larve boring in the young twigs 
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or sometimes in the immature fruit. The larva from the second brood 
makes the little burrows in the bark in which the insect passes the 
winter. The peach twig-borer feeds on all stone fruits. 
THE BAGWORM. 
( Thyridopteryx ephemerxformis Haw.—figs. 32 and 33.) 


The winter cases or bags of this insect, 15 to 2 inches long, are often 
seen hanging from the branches of shade trees, particularly arbor- 


Fig. 32.— Thyridopterya-ephemerxeformis. Cases; d, one cut open. (Howard.) 


vite, locust, and basswood, but are not so common on fruit trees. 
The adult insect is a moth; the female wingiess; the male with four 


————— 
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FIG. 33.—Thyridopteryx ephemerxformis: a, larya; b, head of same; c, male pupa; d, female pupa, 
e, adult female; f, adult male—all enlarged. (Howard.) 


transparent wings and a black body. The female never leaves her 
case alive, but in the fall deposits her eggs therein, drops out and dies, 
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the case remaining attached to the tree all winter. In May the young 
hatch, and at once start to make little cases for themselves, which they 
enlarge as they grow. When ready to pupate, the caterpillar fastens 
its case to a twig and transforms to the chrysalis. The male moth 
appears in August. There is but one brood a year. 


OTHER CATERPILLARS. 


On the apple tree in winter one may find several other caterpillars 
in various stages of development. One of them, the pistol-case bearer 
( Coleophora malivorella Riley), is a small larva with a 
dark head. It carries with it a case the tip of which is 
curved over, the whole about one-eighth inch long. It 
feeds on the buds and leaves in spring. In the fall it 
fastens itself securely to the twig, and thus passes the 
winter in an immature condition. 

Another is the cigar-case bearer (Coleophora fletcherella 
Fern.). It has a life history similar to the preceding, 
but its case is straight, not curved. 
Fic. 34—Larva Both feed on the pear and quince. 

pelea Small, elongate, white, ribbed 

* ~ cocoons, nearly one-fourth of an 
inch long, often in clusters, are sometimes 
seen on apple bark in winter. They indicate 
the presence of the apple-leaf bucculatrix 
(B. pomifoliclla Clem.). In spring the tiny, 
delicate moths issue from the cases. The larvee 
mine the leaves. There are two broods an- 
nually. 

Small, inconspicuous cases, covered with 
particles of dirt and bark, are, at times, found 
on the bark of the apple and pear. These con- 
tain the half-grown larva of the bud-moth 
(Timetocera ocellana Sehif., fis. 34 and 3D). 


In spring the larva feeds on the buds and yg, 35.—work of bud-moth 


young leaves, webbing the leaves in a bunch _ larve in opening twigs. 
J ; an i ee ‘ pes (Slingerland. ) 

or nest. They pupate within this nest. The 
moth issues in July, and is a grayish insect with a creamy white patch 
on each fore-wing. During the summer the young larvee partially 
skeletonize the leaves, feeding beneath a thin silken web. As winter 
approaches they migrate to the twigs and form their hibernating cases. 
There is but one brood a year. 


COLEOPTERA (BEETLES, WEEVILS). 


Beetles are easily known by the hard, coriaceous fore-wings that 
cover and protect the back of the abdomen. Both in the larval and 
the mature conditions they have biting mouth-parts, and injury is 
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sometimes done by both the erub and the beetle. The grubs, to reach 
the adult condition, pass through a complete change or metamorphosis, 
like caterpillars, but do not spin a silken cocoon, The grubs do not 
have the prolegs that are found in caterpillars. The forms to be 
noticed below may be arranged as follows: 


1 LEO SUI UTS gh a ee Se Se ee eee Apple twig-borer. 
Borne i the trunk of laren Drapenes— = 2- --- =~ 4-12 -25- 3 -<f-e en ne - Se 2. 
2. Making tiny circular holes in the bark ..........-.------- Fruit-tree bark-beetle. 
Making a sinuate crack or depression .......--------.----- Sinuate pear borer. 


Discolored spots on the bark ...--- Round-head and flat-head apple-tree borers. 


THE ROUND-HEADED APPLE-TREE BORER. 
(Saperda candida Fab.—tig. 36.) 


Discolored places on the bark near the base of the trunk may indi- 
cate the presence of this borer. Sometimes the bark cracks over the 
burrow and allows the frass or ‘‘sawdust” to drop out, and often there 


Fig. 36.—Saperda candida: a, b, larva; ec, beetle; d, pupa, enlarged. (Chittenden.) 


is some exudation of sap. Every unnatural-looking spot near the base 
of the tree should be examined. The adult of this borer is a grayish, 
long-horned beetle with two white stripes along its back. They appear 
in June and July, and lay their eggs in little slits in the bark made by 
the beetle near the base of the trunk. The larve or grubs soon hatch 
and bore beneath the bark, feeding on the sapwood and inner bark, 
and making flat, shallow cavities, partially filled with frass. The 
erubs are nearly cylindrical, pale yellowish in color, and when full- 
grown about an inch long. On the approach of winter they work 
downward, often below the surface of the ground. In spring they 
begin to feed again, boring upward. In this manner they feed all 
summer until cold weather, when they again hibernate. In the spring 
they resume work, but now they bore more irregularly and further 
into the tree. In early fall they bore close to the surface, work back 
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a little, and then pupate. Winter is passed in this condition, and in 
June the beetles cut e¢rcular holes in the bark and escape. It thus 
takes three years to reach maturity. This borer also infests pear and 
quince, but not so frequently as the apple. 


THE FLAT-HEADED APPLE-TREE BORER. 
( Chrysobothris femorata Fab.—tig. 37.) 


Discolored spots like those caused by the round-headed borer may 
indicate the presence of this insect. They are, however, often found 
farther up the trunk, and even on 
the larger branches. The adult is 
a dark, metallic beetle, rather flat, 
and about one-half inch in length. 
The female deposits her eggs in 
crevices of the bark on the south 
side of the tree, usually during 
June and July, but sometimes 
later. They apparently prefer 
trees that are weak or dying, but 
¥1G.37.—Chrysobothris femorata: a,larya;b,beetle; 21So attack healthy ones. The 

¢, head of male; d, pupa, enlarged. (Chitten- young larva upon hatching eats 

scan through the bark and bores be- 

neath the surface, leaving a flattened burrow filled with its frass. 
Sometimes, when more mature, they bore deeper into the sapwood. 
The full-grown larva is nearly an inch in length, pale yellowish in 
color, with the segment next to the head greatly enlarged and flattened. 
In the spring it bores out nearly through 
the bark, then moves back a little and 
pupates. In about three weeks the beetle 
cuts an elliptical hole in the bark and 
escapes. There is one brood each year. 
It attacks apple, pear, cherry, plum, and 
quince, ; 


THE SINUATE PEAR BORER: 


(Agrilus sinuatus Oliv.—figs. 38 and 39.) 


The larva of this insect bores long, sinu- 
ate galleries beneath the bark and sapwood — Fic. 38.—Agrilus sinuatus: a, larva; 
of pear, killing the wood and causing the b beetle; pupa, enlarged. (Origi- 
bark above to crack. The elongate bronzy 
beetle makes its appearance in May or early June, and lays its eggs 
in crevices of the bark. The slender, whitish larva burrows beneath 
the bark, always downward. In the fall the larva becomes dormant, 
and is then about 1 inch long, quite flat, whitish or yellowish in color, 
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with a brown head, and the segment next to the head much enlarged. 
In spring the larva resumes feeding and makes broader burrows than 
in the first year. In late summer or early fall, when full fed, it 
bores about one-fourth inch into the wood, and there forms an elon- 


Fig. 39.—Work of Agrilus sinuatus, reduced. (Smith.) 


gate cell parallel with the bark and connected to the outside by an 
exit hole. Within this cell it winters, pupates in April, and the 
beetle issues in May or June. It thus takes about two years to reach 
maturity. 
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THE FRUIT-TREE BARK-BEETLE. 
(Scolytus rugulosus Ratz.—tig. 40.) 


Small circular holes in the bark of fruit trees indicate this insect, 
known also as the ‘*peach bark-borer” or *‘shot-hole borer.” The 


Fig. 40.—Scolytus rugulosus: a, b, beetle; c, pupa; d, larva; all enlarged. (Chittenden.) 


adult insect, a tiny black beetle, appears in the latter part of March to 
the middle of May, and burrows through the bark. Between the bark 
and sapwood the female makes a burrow and lays her eggs along each 
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FIG, 41.—Amphicerus bicaudatus: a, beetle; b, pupa; ¢c, larva; d, winter burrow; e, larval gallery; f, 


work in grape. (Marlatt.) 


side. The young upon hatching bore away from the parental burrow, 
and in about three weeks are ready to pupate at the end of the gallery. 
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In about a week the beetles bore out from their burrows. The result 
is that the bark is loosened and sometimes the tree girdled. When 
they attack peach there is a great exudation of sap and a consequent 
weakening of the tree. There are two and probably three broods a 
year, but as they start at different times the broods become mixed. It 
attacks all kinds of fruit trees, and prefers trees that are dying, 
diseased, or weakened by other insects, but healthy trees are not 
exempt. 
THE APPLE TWIG-BORER. 


(Amphicerus bicaudatus Say—fig. 41.) 


In the fall and winter the adults of this insect bore into twigs of 
apple and other fruits, as indicated in fig. 41, d. Cutting back from 
this hole one will find this borer in the adult state—a cylindrical brown 
beetle about one-third of an inch long. These holes are their hiber- 
nating quarters. In the spring the insect works in grape canes, caus- 
ing the withering of new shoots, as indicated at fig. 41, In the 
spring the beetles emerge and insert their eggs in diseased or dying 
twigs of grape, maple, or other plants; the larva bores through the 
center of the twig until fall, when it pupates. The beetle issues in late 
fall, and there is but one brood a year. It attacks chiefly appie, pear, 
peach, plum, and grape. 


ACARINA (MITES). 


The mites are not insects, although related to them. They are rec- 
ognized by lacking the distinction between the head and thorax and 
by the absence of antenne. There are usually four pairs of lees, 
but m the pear-leaf blister-mite and its allies there are but two pairs. 
Besides the pear-leaf blister-mite, which is treated below. there are 
often found upon fruit trees in winter numbers of tiny, roundish, red 
eggs. These belong to a mite known as the clover mite (Bryobia pra- 
tensis Gar.). They rarely do damage to fruit trees in the East, but 
feed on clover and similar plants. 


THE PEAR-LEAF BLISTER-MITE. 
( Briophyes pyri Scheut. ) 


This is a microscopic mite about one one-hundred and fiftieth of an 
inch long, with a slender body provided with two pairs of legs near 
the head end. Although each mite is so small as to do little damage 
of itself, it may become the parent of a vast assemblage capable of 
doing a great amount of injury. During the winter the mites remain 
hidden between the bud scales. Early in spring the mites move to 
the young unfolding leaves, eat through the under surface, and feed 
on the interior substance of the leaf. Here the mites increase a thou- 
sandfold. Some of these mites move out to form new galls, until a 
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(Harvey.) 
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leaf becomes thickly spotted with them. Their feeding causes a 
thickening of the leaf at that spot, commonly called a blister or gall. 
This blister is at first of a reddish color, but it gradually turns brown, 
and finally black. In early fall, when the leaves ripen, the mites 
leave their galls and take refuge in the buds for the winter. 


INSECTS INFESTING FRUITS. 


Although few of the insects infesting fruit are liable to be trans- 
ported upon nursery stock, several of them are such destructive pests 


as to merit the attention of all interested in horticulture. 
* * * * * * * 


The codling moth (Carpocapsa pomonella Linn.) passes the winter 
as a caterpillar in a cocoon in crevices or under loose pieces of the 
bark. However, they are not apt to occur on nursery trees. The 
cocoon is made of whitish silk 
and partially covered with bits _ Me 
of bark so that it is not easily bs 
seen. In early spring they 
pupate, and the moths issue to 
lay their eggs on young apples. 
The larva bores into the apple, 
usually from the blossom end, 
mines to the core, and then, 
when about full-fed, bores to 
the surface. It leaves the 
apple to pupate on the trunk 
or larger branches of the tree. 
Some issue in late June or July 
and again lay eggs on the 
apple, making a second brood. 
Inthe Northeastern States there 
is but one brood a year. The codling moth also attacks pears and 
quinces. 

The apple maggot (hagolet/s pomonella Walsh, tig. £2) 1s a two- 
winged fly that appears in June and lays its eggs just beneath the skin 
of apples. The white maggots, upon hatching, burrow throughout the 
apple in various directions. When full-fed the maggot drops to the 
ground, under which it pupates and emerges as a fly the next spring. 

The cherry fruit-fly (Rhagoletis cingulata Loew, tig. 48) infests 
cherry in much the same manner as the apple maggot infests apples, 
and has a similar life history. 

The plum cureulio (Conotrachelus nenuphar Herbst.) is a small, 
grayish weevil that passes the winter under the bark of a tree or 
among rubbish. In spring it deposits eggs within the plum (peach 
or cherry) and then cuts a crescentic slit in the skin near by. The 
larva or grub soon hatches and feeds in the fruit, causing it to ripen 


Fic. 43.—Rhagoletis cingulata. (Slingerland). 
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prematurely and fall. The grub, when fuli-grown, passes into the 
ground and there pupates, the beetle issuing in the fall. The beetle 
has a peculiar habit of dropping from the tree when disturbed. 

The quince curculio (Conotrachelus crategi Walsh.) is a very similar 
insect to the plum curculio. It is the cause of knotty or wormy 
quinces. The weevil lays her eggs in little pits of the quince eaten by 
the parent for that purpose. The grubs feed in the quince till the 
early fall, when they leave it and burrow beneath the ground. Here 
they pass the winter, pupating in early spring. 

The pear midge (Diplosis pyrivora Riley) is a tiny, two-winged fly 
much like the Hessian fly, that appears in the spring and lays its eggs 
in young pears. The larvee feed near the core, causing the fruit to 
shrivel and drop. When full-fed they leave the fruit and pupate 
about an inch or so beneath the surface of the ground. The winter is 
passed in this condition, and the flies emerge the following spring. 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
Division oF ENTOMOLOGY, 
Washington, D. C., May 19, 1902. 

Srr: I have the honor to transmit herewith the manuscript of a 
report on the codling-moth investigation in the Northwest during 
1901, conducted by Mr. C. B. Simpson, a special agent of this Division, 
and prepared by him for publication. Fruit growers in the North- 
west, and especially in the States of Idaho, Washington, and Oregon, 
have complained that conditions in that part of the country must be 
very different from those which hold in the Eastern apple-growing 
sections, Inasmuch as the remedial treatment which is found satisfae- 
tory in the East does not give equally good results in the Northwest. 
Therefore, under a special appropriation from Congress, some work 

yas begun by this office in the late summer of 1900, Mr. Simpson 
being appointed to carry out the investigation and experiments. A 
report upon the work which he did in the season of 1900 was published 
in Bulletin 30 (new series) of this Office (pp. 51-63). In 1901 he was 
able to make a somewhat earlier start, and the results were therefore 
more satisfactory. This work is described in the accompanying bul- 
letin. The present summer (1902) Mr. Simpson started for the field 
early in May, and it is hoped that at the close of the season the inyesti- 
gation will have arrived at such a point as to enable the publication of 
a full and satisfactory bulletin covering the whole problem. I recom. 
mend this bulletin to be published as No. 35 (new series). 

Respectfully, 
L. O. Howarp, 
Hon. JAmEs WILson, Entomologist. 
Secretary of Agriculture. 
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REPORT ON CODLING-MOTH INVESTIGATIONS IN) THE 
NORTHWEST DURING 1901. 


ITINERARY. 


In accordance with the authorization of the Secretary of Agricul- 
ture and the instructions of the Entomologist, the following report is 
submitted upon the investigations of the codling moth in the Pacific 
Northwest for 1901. ; 

I left Ithaca, N. Y., June 15, for Idaho, arriving at Salt Lake City, 
Utah, June 19. The Utah Agricultural College was visited and con- 
ferences were held with the authorities in regard to the codling moth. 
From Logan I went to Pocatello, Idaho, and thence to Market Lake, 
Idaho, to look over a grasshopper outbreak. At that place I found 
Professor Aldrich and with him looked over the infested section. 
A report of the results of this work has already been submitted. 
June 24 I left Market Lake and was accompanied by Professor Aldrich 
to Shoshone, Idaho, from which place I went to Shoshone Falls and 
Blue Lakes. Mr. Perrine’s orchard at Blue Lakes was examined 
closely and remedial measures were advised. The 28th and 29th I 
spent in observing conditions about Mountainhome, arriving at Boise 
the 29th, where I spent a few days in looking over the orchards in 
that vicinity. A trip was then made to Nampa, Caldwell, Payette, and 
Weiser, Idaho, with return to Boise the 13th of July. Many trips 
were made to orchards about Boise. August 14 another trip was 
made, which included Nampa, Caldwell, Payette, Weiser and Emmett. 
Returning to Boise August 25, I remained there two days and then 
was in Mountainhome from the 27th to the 30th. In September sev- 
eral trips were made to Beatty, Nampa, and Meridian, and one to 
Payette. 

October 4 I went to Portland, Oreg., for the purpose of attending 
the fruit fair and conferring with the Oregon people. I had a long 
talk with Professor Cordley and others of the Oregon Agricultural Col- 
lege and from there went to southern Oregon. From southern Oregon 
I returned to Portland and from there went to Moscow, Idaho. In com- 
pany with the Entomologist and Professor Aldrich, I left Moscow 
October 18. After spending several days at Boise, I started for Wash- 
ington, D. C., October 22 and arrived there on the 26th. 
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WORK DONE FROM ITHACA, N. Y. 


Not being able to begin work in the field early enough to make 
observations during the blossoming period, circular letters were sent 
to prominent growers in Idaho asking them to conduct observations 
and begin experiments. 

Letter No. 1 asked for observations in regard to the times of bloom- 
ing, etc., and on life of the insect during that period. Several ren- 
dered valuable aid by making excellent observations. 

Letter No. 2 asked several growers to begin cooperative experiments, 
which the writer would complete when he arrived upon the field. In 
every case the freeze of June 5 left no apples upon the trees which 
were selected for the experiments. Much work had been done by 
some growers in starting these tests. 

Letter No. 3 was sent to 60 growers in different parts of the State 
asking that band records be kept. The fruit growers responded well 
to this request, and over 40 replies were received. Many valuable 
records were obtained. 


TEACHERS’ INSTITUTES. 


During the summer the writer addressed four teachers’ institutes 
upon the subject of the codling moth, the aggregate number of teachers 
present being about 180. 

In each of these talks the damage caused by the insect and the impor- 
tance of the subject were dwelt upon. <A brief but fundamental 
sketch of the life history was given, fully illustrated by photographs 
and specimens of the insect’s work. The most approved methods of 
control were explained and the results obtained by the same were 
given. The teachers were told how they might introduce the subject 
into their school work as a nature-study topic. Directions were given 
as to the method of presenting the work and collection of specimens. 
In these talks the writer took great pains to interest the teachers and 
has been rewarded by knowing that, in a great number of instances, 
the teachers put the suggestions into practice. 

On account of the small fruit crop nosummer meeting of the State hor- 
ticultural society was held. ‘Two farmers’ meetings were addressed— 
one at Caldwell and another at Mountainhome. The attendance was 
poor, but the interest shown amply repaid the efforts exerted. 


STATUS OF THE FRUIT CROP FOR 1901. 


Early in the spring the fruit crop of 1901 promised to be large. A 
sudden freeze June 5, at which time apples were about the size of 
marbles, practically ruined all prospect for a good crop. About Boise 
prunes and peaches were all killed, and in some orchards no apples 
were left, while in others considerably over half a crop remained. In 
other sections conditions were about the same. Mr. McPherson esti- 
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mates that there was only about 10 per cent of an apple crop in Idaho 
in 1901, and his estimate is probably not far from correct. 

On account of this short crop the price of apples was high and those 
who could save a large part of what crop they had made good profits. 


INJURY DUE TO CODLING MOTH IN 1901. 


On account of the small crop it is impossible to give an estimate that 
is of any value in regard to the damage by the insect in 1901. It was 
certainly much greater than in 1900. 

In orchards with but little fruit the apples were all wormy, many 
of them containing from 5 to 10 holes. The writer counted the 
remains of 23 eggs on one apple and 17 on another. 

The number of the insects was decreased but little by the freeze, 
while the number of fruits they had to work upon was greatly les- 
sened. Consequently, in the orchards that were well cared for a large 
percentage of the fruits was wormy in spite of spraying and banding. 
The following are estimates of injury by the codling moth in individ- 
ual orchards and in localities: 


M. A. Kurtz, at Nampa, had over half a crop of apples. Many of them were under- 
sized. Spraying and banding were well done. The loss for the whole orchard was 
about 20 per cent. 

Mr. C. Hinze, Payette, had about halfa crop of Jonathans. About 50 per cent 
was saved from this insect. Spraying alone was used. 

Hon. Edgar Wilson had a small crop of Ben Davis and Jonathans. Early spray- 
ings were made and bands were used. Less than 40 per cent of these were saved. 
Mr. John McGlinchey had nearly a full crop at Payette. Early sprays were made 
but banding was neglected. Not over 20 per cent was saved. 

Mr. Seth Heath, 9 miles from Mountainhome, thinks he saved 80 per cent of his 
apples and pears. Spraying and banding and other measures were used. 

Mr. W. 8S. Whitehead, of Boise, saved only about 20 per cent by spraying and no 
banding. 

Many orchards were noted in various localities where all the fruit was wormy. 

Professor-Aldrich has found that the damage in and about Moscow was about 5 
per cent. 

It was reported that about Walla Walla, Wash., and in the valley of the upper 
Columbia River the conditions were about as they were in the Boise Valley. 

In the Willamette Valley the writer has been told that the injuries where no meas- 
ures were used yaried from 30 to 80 per cent. 

In southern Oregon the writer found orchards near Central Point in which the 
injury did not exceed 5 per cent. Inan untreated orchard 20 per cent of the apples 
were estimated to be damaged. Growers said that this orchard showed much less 
injury than many others in that locality. 


FRUITS INFESTED BY THE CODLING MOTH. 


The apple is by far the most subject to the attacks of this pest, and 
practically all of the work has been directed against the insect in this 
fruit. 

In 1900 it was noted that some varieties of apples were more subject 
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to the attacks of this moth than others, and a list was prepared in order 
of injury. In 1901 but little revision of the list was necessary. 

The following is the revised list: 

Pewaukee (always badly infested). 

Red Astrakan. 

Bellflower varieties. 

Spitzenberg. 

Grimes Golden, Northern Spy, Gravenstein. 

Wealthy. 

Baldwin. ~ 

Ben Davis (very variable) . 

Rome Beauty (variable). 

Jonathan. 

Winesap (always least infested). 

This list was made from observations in many orchards and is a 
composite of the conditions in these orchards. Local conditions are 
to a great extent the cause of the variability. 

Pears are but little infested when compared with apples. In the 
very worst localhties the injury sustained rarely if ever reaches 20 
per cent, and, when remedial measures are used, injury varies from 5 
to 15 per cent. 

Many quinces were examined, but not a single case of infestation 
was noted. . 

Having in mind Professor Bruner’s observations when he found 
larvee which he took to be those of the codling moth feeding in seed 
pods of roses, the writer examined hundreds of these pods without 
finding any laryee or eggs. 

It has often been reported that the codling moth larve were attack- 
ing peaches, prunes, and plums. Upon investigation it was found in 
every case that the attack was made by the larva of the peach-twig 
borer. 


INTRODUCTION AND SPREAD OF THE CODLING MOTH IN THE 
NORTHWEST. 


Dr. C. V. Riley, in his Sixth Missouri Report (1874), mentions this 
insect as working in Utah, where it had evidently been introduced a 
year or two previous. 

The Scientific American of November 14, 1882, mentions that the 
codling moth made its appearance in California in 1874. 

Prof. J. M. Aldrich states that this insect has been known in the 
Clearwater Valley since 1887, and in southern Idaho nearly as long. 
By many orchardists in southern Idaho the writer was told that the 
above date is approximately correct. Many stories are told of how 
the insect reached Idaho, one being to the effect that the insect was 
introduced in dried prunes. Without doubt the insect was introduced 
in apples shipped either from Utah, Oregon, or Washington. When 
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once introduced it can be readily understood how the insect spread 
over the apple-growing area by the shipping.of fruit from one section 
to another. The spread is found to be along the lines of transporta- 
tion. It was retarded in a great measure by the fact that many 
orchards were isolated. A well-marked case of immunity resulting 
from isolation is shown in the case of Mr. Perrine’s orchard at Blue 
Lakes. This orchard was free from the insect until two or three years 
ago, and is now but little infested. Mr. Perrine thinks the moth was 
introduced into his orchard in old boxes. The spread from orchard to 
orchard by the flight of the moths has been comparatively slow, and 
usually follows a river valley. 


LIFE ZONES AND PRESENT DISTRIBUTION. 


The status of the insect has been studied as far as the data at hand 
would permit. The life zones found in Idaho (fig. 1.) may be de- 
scribed as follows: 


The Boreal zone comprises that part of the State known as the Panhandle, a strip 
along the northeastern side of the State and a large area in the central part of the 
State which is connected with the eastern strip. 


ZZ BOREAL.. 


= TRANSITION. 
MI] UPPER SONORAN. 


Fig. 1.—Map of the Pacific Northwest, showing life zones—locaities infested by codling moth indi- 
cated by dots. 


The Transition zone is limited to an irregular area in the north and a fringe around 
the Boreal in the south. The southwestern and southeastern parts of the State are 
also in this zone. The Transition area in the northern part of the State is somewhat 
different from that of the southern part, on account of the larger amount of rainfall. 
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The Upper Sonoran comprises the area about the Snake River Valley. This area 
is continuous with the same zone in Oregon on the west and Utah on the south. An 
arm extends down the Snake River Valley on the western border. A small area of 
this zone is present in the valleys of the Snake and Clearwater rivers at Lewiston. 
At this point several of the Lower Sonoran fruits are grown. 


The relations of the codling moth to these zones are as follows: 

Boreal.—As no applies can be grown in this zone, this insect does not occur. 

Transition. —The insect occurs in this zone, but is never greatly injurious. At Mos- 
cow the injuries for the past three years have been 21, 10, and 4 per cent, respectively. 
Many fruit growers have told the writer that the insect has its ups and downs, vary- 
ing from practically no injury to 25 per cent. Correspondents at Almo, Cassia 
County; Lakeview, Laclede, and Rathdrum, Kootenai County; and Paris, Bear Lake 
County, state that they can find no indications of the insect at those places. The 
observations of those in the best position to know indicate that these locations are 
not well fitted for the growing of apples. The northern part of this zone, however, 
is evidently more suitable for apples than the southern part. 

The Upper Sonoran.—From 80 to 90 per cent of the fruit raised in Idaho is grown in 
this zone. Some varieties of apples reach perfection. The codling moth reaches its 
maximum of numbers and destructiveness in this zone. and here the greater part of 
the investigation has been made. 


LIFE HISTORY OF THE CODLING MOTH. 


Many important variations in the life history of this insect were 
noted in 1901. 

THE EGG. 

As in 1900, many eges were observed. In orchards where there 
were but few apples eggs were found in enormous numbers. On one 
apple the number of eggs or remains of eggs was found to be 23 
(Pl. 1, 2); on another 17. It was difficult to ascertain the time of 
hatching of the eggs, but the times of hatching of eight were found 
with reasonable accuracy. These hatched in from three to eight days, 


with an average of about five days. 


THE LARVA. 


In a day or so after the egg is laid, a horseshoe-shaped band, which 
is the embryonic larva, may be seen. Later the form of the larve 
may be easily distinguished. In about five days the fully formed 
larva breaks its way through the shell and immediately seeks to enter 
an apple. ‘The writer has many times attempted to observe the hatch- 
ing of an egg and the entering of the apple, but has failed, although a 
few times the attempt was almost successful. The young larva of the 
first generation has been observed to spend some time upon the fruit 
and then to enter the calyx by squeezing its way in between the calyx 
lobes. 

In 1900 the earlier countings showed that about 60 per cent entered 
the calyx end. Without doubt this low percentage was caused by 
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including the early individuals of the second generation. In 1901, by 
numerous countings, the average was found to be 83 per cent, with a 
minimum of 79 per cent. In one counting of 130 apples, 106 had 
entered the calyx and 24 the side. About half of those that 
entered by the side entered where the apples touched. In 12 apples 
there were two worms each. Three larvee were killed by fungi or 
bacteria. Of those which had left the apples, 13 had left by the calyx 
and 17 by the side. 

By far the larger number of the larvee of the later generation enter 
the apple at other places than the calyx—in some cases, from 90 to 100 
per cent. They enter at the sides (Pl. I), at the stem, and particu- 
larly where the apples touch. In badly infested orchards it is a rare 
exception to find apples which touch without finding also the entrance 
place of a codling-moth larva. 

A few larve of the second generation were taken out of their bur- 
rows a few hours after they had entered and were placed upon apples in 
order to see what they would do. All immediately commenced search- 
ing for a place to enter. They would try to bite through the smooth 
skin, but their jaws would make but little impression. One of them 
entered at the stem, another found a broken piace in the skin, and 
another succeeded in piercing the smooth skin. As has been noted by 
other observers, 1 found that the larve while entering eat but little, if 
any, of the skin or flesh of the fruit, but push the particles out behind 
them. They seem intent upon getting away from the light. Professor 
Cordley states that he has seen them spin silk over the mouths of the 
holes as soon as they have fully entered. 

A few authors have acvanced the opinion that those larve which 
hatch on the leaves eat sparingly of the leaves before they find the 
apples. In spite of many attempts to throw light upon this point, the 
writer can offer no evidence; but he believes that many perish on 
account of this habit, as they get any poison that may be on the leaves. 
In the field a large majority of newly hatched larvee never reach an 
apple, but perish. This was especially true in 1901 on account of the 
scarcity of apples. The apples which had 23 and 17 eggs had only 5 
and 4 worm holes, respectively. 

When entering by way of the calyx, the larva eats its first few meals 
at the surface before commencing its burrow into the fruit. On enter- 
ing at the side, the larva eats out a circular mine immediately under 
the skin, which can be easily distinguished by its lighter color. In 
about three to five days the larva, after making its burrow funnel- 
shaped, starts toward the central portion of the fruit. When the calyx 
is entered a large amount of castings is thrown out (PI. I, 7), but 
when the side is entered but a small amount is thrown out (PI. I, 
A, L, CV). When the central portion of the fruit is reached the larva 
eats out an irregular cavity which is found filled with pellets of excre- 
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ment bound together with silk. Data as to how long it takes the larva 
to become full grown were secured. However, the number of experi- 
ments and the number of jaryze were small and more work must be 
done before a good average can be given. ‘The shortest time was 
fourteen days and the longest twenty-five, with twenty-one days as an 
average. When the larva is full grown it eats its way to the outside 
of the apple, but remains within, plugging the hole with frass. In 
a day or so this obstruction is pushed out, and the larva crawls out 
and immediately seeks a place in which to spin its cocoon and complete 
its transformation. 

The effect of this insect on the apples and pears is such that they 
ripen prematurely and fall from the tree, being worthless for com- 
mercial purposes. 

The larva makes its way from the apple to the place of spinning its 
cocoon in one of three ways. Most commonly it simply crawls from 
the apple toa twig, thence to branch, and thence to the trunk of a 
tree. Experiments conducted by Professor Aldrich upon trees with 5 
bands show that twice as many larvee spin their cocoons under the top 
band as under any intermediate band, and the next highest number 
was found under the bottom band. In ease of windfalls, the larv: 
leave the apple and crawl to a suitable place along the ground. Ina 
few cases the larve drop from the tree to the ground by a silken 
thread. Many of these threads have been noted by the writer. 

The larve spin their cocoons in a variety of places. Those noted are 
as follows: Under loose pieces of bark (PI. III, fig. 2) on rough trees; 
in the cracks in the crotches of trees; in cracks or holes in the tree 
trunks; under splinters on fence posts (Pl. Il, and fig. 1 of Pl. IIT); 
in the rough bark of adjacent trees (PI. ILI, fig. 2); in any kind of 
rubbish about the trees; under anything lying against or upon the 
trees; in cracks in the dry earth about the trees; and, in some few 
cases, in dried fallen apples. The place of first choice under normal 
conditions is under the loose bark, in the crotches, or in the holes or 
cracks in the tree. When the tree is smooth and the earth is dry we 
sometimes find a considerable number of cocoons in the cracks in the 
earth. 

In general the larva selects a dry, tight place, and it may gnaw out 
a hole in the bark and incorporate the pieces in the cocoon. Many 
times a silk tube 2 or 3 inches in length is found with a cocoon at one 
end. Evidently the larva did not find a place tight enough and con 
tinued spinning until such a place was made. In these cases a cap of 
silk is found. Cloth bands furnish a place for spinning cocoons most 
acceptable to the larvee. 

The larva spins its cocoon in about two days. The cocoon is com- 
posed of a single thread of silk, a product of the silk glands common 
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Fic. 1.—BANDED TREE AND NEAR-BY FENCE. 


FiG. 2.—POST OF FENCE SHOWN ABOVE, WITH SPLINTERS REMOVED. 
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FiG. 2.—COCOONS IN CRACKS IN BARK. 
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to the larvee of this order of insects. The cocoons of the early gener- 
ation are fragile and not so heavy or well made as those of the later 
generation, in which the larva passes the winter. 


THE PUPA. 


The larva when spinning its cocoon is bent upon itself, but when 
the spinning is completed it straightens and becomes shorter and 
thicker. In about five days it sheds its last larval skin and becomes a 
pupa. One can always find this skin ina pellet at the caudal end of 
the pupa. The pupa is about half an inch long and at first is a pale 
yellow color, later becoming brown. The last day before the moth 
emerges it assumes a bronze color. The antenne, mouth-parts, legs, 
and wings of the moth may be clearly seen, all soldered together in an 
immovable mass. The segments of the abdomen are moyable and are 
armed on their caudal edge with spines which point backward. 

Some time after the beginning of warm weather in the spring, or 
twenty-one or twenty-two days after commencing the spinning of the 
cocoon, in the summer, the moth emerges. The pupa pushes itself 
through the wall of the cocoon and out free from any obstruction. 
This is accomplished by rapid movement of the abdomen, aided by 
the spines which point backward. Pup were observed to have 
moved themselves fully an inch before a suitable place for emergence 
was found. They sometimes thrust themselves through muslin or 
burlap when such is used for bands and neglected. Soon after the 
pupa is free from the cocoon the pupa skin splits down the back and 
the moth slowly crawls out. Many experiments were carried out to 
determine the time elapsing between the spinning of the cocoon and 
the emergence of the moth. The shortest time was twelve days, and 
the longest during the summer was twenty-eight days, with an 
average of twenty-two. Only a very small percentage emerge the 
twelfth day. 

THE MOTH. 


Upon emerging the wings of the moth are small, the legs weak, and 
the body soft. The moth clings to the bark head up (PIL. IV, fig. 1), 
the wings gradually expand, and the legs and body harden and get. 
stronger. Later the moth holds its wings for a few minutes above its 
back, like a butterfly. The wings are then replaced and the moth is 
ready for flight. During all these proceedings the moth carefully 
avoids the sunlight. After the wings are fully expanded and dry the 
moth frequently changes its position by running rapidly up the tree. 
In from ten to thirty minutes after emerging the moth usually flies to 
the lower branches of the tree and is lost as far as further observation 
is concerned. Quick, somewhat erratic flight is characteristic, the 
flight being so rapid that the eye can not follow it. 
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It is generally stated by writers on this insect that the adult is but 
rarely seen in orchards. During the summer of 1900 the writer saw 
only about half a dozen moths in the field. During the summer of 1901 
from one to three were seen every day spent in orchards. These were 
usually on the fruit or on the upper surfaces of the leaves. On being 
disturbed they would flit away and be lost to sight. 

But few fruit growers are familiar with the adult form of this 
insect. On this account many mistakes are made as to its identity. 
Anyone can easily confine larvee or pupz and in a short time settle the 
question of identity. The moth is quite variable in size, but never 
expands more than an inch. The wings at a glance have the appear- 
ance of watered silk, but tpon closer examination one finds them 
crossed by numerous rows of gray and brown scales, which give the 
appearance of the plumage of a bird. Behind the tip of the forewing 
there is alarge dark-brown spot which bears rows of bronze and gold- 
colored scales. The hind wings are of a light grayish color, darker 
toward the margin. 

The sexes may be readily distinguished by the fact that the males 
bear a black pencil of hairs on the upper surface of the hind wing 
and a black spot on the under surface of the forewing. 

Mr. Hitt, of Weiser, found in 1896 that of 50 moths but 7 were 
males. The writer found the females exceeding the males in number, 
but can give no figures. 

During the summer of 1900 the writer found a moth on the trunk 
of a tree that had all the appearance of a codling moth except the 
color, which was buff and gold throughout, the bronze spot being 
much the same as in the codling moth. During the summer of 1901, 
4 well preserved and 8 badly worn specimens having the same color 
were secured, and 2 others were observed in the field. Mr. Hitt, of 
Weiser, found 7 of these moths among 50 moths bred in 1896. Mr. 
McPherson has also noted this buff-colored moth. Whether this is a 
variety of Carpocapsa pomonella or another species has not yet been 
determined. 

According to many observers the codling moth has been seen to feed 
upon the juice of ripe apples. Many fruit growers tell me that they 
have seen many moths about cider mills and have seen them feed on 
cider. 

The conclusion arrived at by all investigators of this insect is that 
it is but little attracted to lights such as are used in trap lanterns. 
The writer finds, however, that moths will seek a window when they 
have emerged in a dark room or cellar. 

In cages the egg laying begins the second day after emergence and 
has been observed to continue until the fourth day. In the field some 
eggs were observed to have been laid in the late afternoon and early 
evening. 
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The moths lay practically all of the eggs of the first generation 
upon the fruit, while those of the later generation are laid both upon 
the fruit and leaves. From many observations the writer is led to 
believe that there is no general rule as regards the eggs of the second 
generation. In some orchards the majority were found upon the fruit, 
and in others upon the leaves. 

In cages the moths rarely live over a week. 


GENERATIONS OF THE INSECT. 


From the economic standpoint the number of generations is an 
important feature, as that is the chief factor in determining the amount 
of damage. In the Eastern States the generations vary from one and 
a partial second to two and a partial third. In California, Oregon, 
New Mexico, and Alabama, various investigators haye published the 
statement that three generations occur. Professor Gillette has recently 
come to the conclusion that there are only two generations in Colorado. 
Professor Cordley says that there are only two at Corvallis, Oreg. 
In south Idaho, both Mr. McPherson and Mr. Hitt have advanced the 
idea that there are three full generations, and sometimes a partial 
fourth. 

The writer has regarded this as one of the most essential points to 
be determined in the investigation of this insect. In 1900 an attempt 
was made to solve the problem. At the end of the season, though but 
little data had been secured, the conclusion was reached that there are 
three generations. The writer was not at all satisfied with this con- 
clusion, and in 1901 considerable time was spent in studying this point. 

Examination of the records of worms caught under bands showed 
that at certain periods greater numbers of worms went under bands 
than during the intervals between these times. By collecting and 
studying all available records it was found that these periods were 
quite constant, and this appears to be the best and most accurate way 
of determining the limits and number of generations. 

In June, 1901, circular letters were sent to 60 fruit growers in dif- 
ferent parts of the State of Idaho asking that records be kept of the 
larve killed under bands. But very few growers failed to answer. 
Among those who responded, a few stated that apples were not grown 
in their sections; others banded and found no larve or wormy apples; 
and still others could send no record on account of crop failure; but 
a large number sent in valuable records. These records were tabulated 
and curves have been drawn on cross-section paper.@ 


«Tt was the author’s intention to include in the present report a number of charts 
showing these curves; but owing to incompleteness of preparation, and other cireum- 
stances, these charts have been reserved for publication in a later report. 
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A summary of the more important records is here given: 


Records of capture of codling-moth larve under bands. 


Days -| m . 
| Observer or Num- First Second be- Total | Time be- | Aver- 
. ae an oe : ea 4 BART seF any ae num- | tween re- | age 
Year. Locality. | source of rec- | berof| maxi maxi tween | per of moval of | per 
| | ord, trees. | mum. mum. nae wioraiad a tees frda 
| i] 
1897 °| Boise )/<=-2--=-- | Mr. Ayers ..-.- 140 | July 17 | Sept. 1 46 | 12,247 | Weekly...| 87.48 
1898)... 2 WOR oe ose ele Seer (a | eter 140 | July 10 | Sept. 10 62 | 20,909 |..... do....| 149.35 
1899 | Juliaetta ..... eet Ald- 40 | July 20 | Sept. 24 66. | .°8;620 25228 do ....| 215.50 
| rich. 
1901 | Nampa ......- | H. G. Gibson -- 4] July 26 | Aug. 11 46 467 | Daily ..... 116.75 
1901 | Payette......- | J. Shearer ....- 3 | July 18 | Aug. 17 60 | 215 | Weekly...) 71.66 
TOOU hee Mo sr 24i se aces des 33 80 | July 1] Aug. 30 6) |\:3) bo4e)-- eee do....| 44.42 
POO oad Oe eae oat hose AO =Le ee 128 | July 5 |....do-...| 56.}) 1,690" )--2 5. dos: |S ise 
1901 Provo, Utah..; Utah Agricul- 23, |2:.-d0'=. Sept. =2 Oh 4A Tat eee do ....| 180 
tural College. 
AO018 || ose GOSts eee Tee DOs ese 26 | July 13 | Aug. 27 45 | °° 2,829 | oe do ....| 108.2 
1901 facet GO weansene aa (6 Coane 34 | July 5] Sept. 2 50 | 2,880 jo... do 84.7 
1901 | Hagerman ...| R. E. Conner .. 27 | July 12 | Sept. 4 54 19452 dos 8.2 
1901 | Lewiston ....- | S. G. Jasman .. 4 |...-do...| Sept. 10 60 666 | 6 permo..| 166.6 
1901 | Caldwell ..... | Wm. C. George. 10 | June 25 | Aug. 13 49 640 | 2-5 days...) 64 
Total and average........ G97 | cater Sapo | Oe en ere 56 [ool ek ES ee 
| 


All of the records here given show plainly that there are but two 
maxima of larve entering bands. There are many sources of error 
in obtaining the figures. A maximum lasts from six to eight days. 
Weekly records are much more liable to error on account of the length 
of the intervals. The average length of time between maxima, fifty- 
five days, is undoubtedly too high, as the records of Mr. Gibson 
and Mr. George show the time to be forty-six and forty-nine days, 
respectively. 

The writer has secured many other records, but they can not be 
relied upon for determining the number of generations, as some of 
them were taken on too few trees, and others commenced too late or 
stopped too early in the season. 

The intervals between the maxima may be approximated in another 
way. From one maximum of larve entering bands to another should 
be the length of the life cycle of the insect. The length of the stages 
in the life of this insect vary greatly, and averages can be accurately 
determined only by a great number of experiments. The observa- 
tions of the writer upon the length of the different stages are not 
so complete as could be wished, but will serve to show the averages 
approximately. The egg stage was found to vary from three to eight 
days, with an average of about five days. The life of the larva outside 
of the cocoon is from fourteen days to twenty-five days, averaging 
about twenty-one days. The time spent in the cocoon was found to be 
from twelve to twenty-eight days, averaging about twenty-two days. 
The egg-laying period was observed to begin the second day after the 
emergence of the moth and continue till the fourth day. Three days 
would probably be a good average. The total of these averages is 
fifty-one days, which time compares favorably with the interval 
between the maxima of larvee entering bands, 
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Fic. 1.—PIECE OF BARK, SHOWING MOTH JUST EMERGED, AND OLD 
PUPA SKINS. 


Fic. 2.—BAND ON WHICH THE REMAINS OF 330 COCOONS WERE 
COUNTED. 
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By adding fifty-five days to August 27 (the average time in 1901 of 
the maxima for the second generation), we should expect the maximum 
of the third generation entering bands. At that date (October 19) no 
such maximum appears upon the various records. It was noted in 
1901 that none of the larve which spun cocoons after September 1 
transformed, but all wintered as larve. In 1900 the corresponding 
date was September 7. 

Mr. McPherson observed the period of the greatest number of eggs 
of theefirst generation to be from May 10 to May 25. The writer 
observed the same period of the second generation to be from about 
July 13 to August 4. But when the time came for the egg period of 
the third generation very few eggs were seen. 

Observations were made daily in the orchards and the courses of 
these generations were watched as carefully as possible. On account 
of the variability of location of orchards and the overlapping of gener- 
ations, observation is very liable to lead to error and can not be taken 
as proof except in so far as corroborated by other evidence. 

It has been often noted that many young larvee enter the apples in 
September. Whether these are the last of the second or the first of 
the third generation is a question which has puzzled the writer. But 
few of these new entrance holes were observed at Boise last Septem- 
ber and October, and the writer is inclined to believe that the larvee 
were the last of the second generation. If there was ever a full third 
generation, or a partial one, it should have occurred in 1901 by reason 
cf the earliness of the season. 

Professor Gillette’s article on the generations of this insect has been 
carefully read. In general the writer’s conclusions are the same, but 
they are based on data of a very different kind. The writer can 
not agree with Professor Gillette when he says that it is impossible 
for a partial third generation to be produced. <A study of the life 
zones will show that we should expect some differences between the 
life history of the insect in Colorado and the same in Idaho. 

The writer confesses that on many points there isa lack of data, 
and on this account does not wish to make the sweeping assertion 
that there are only two generations of the codling moth in southern 
Idaho. Whether or not there may bea partial third generation is 
still an open question and one which can be solved only by careful and 
accurate work. This much, however, is reasonably certain: The third 
generation is of little or no importance, whereas in the past it has been 
regarded as a full brood. 

All future work will be based upon the assumption that there are 
two generations. It is hoped that next season’s work will throw more 
light upon these doubtful points and fully establish the facts. 

With the knowledge that there is no fourth brood and no full third 
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brood, the question of the control becomes easier for the Idaho fruit 
growers. 
OVERLAPPING OF GENERATIONS. 


The overlapping of the generations is one of the conditions which 
makes the control of the insect most difficult. In 1900, from Jaly 7 
to about September 7, the writer could find all stages of the insect. 
In 1901 about the same conditions were noted. 

According to Mr. Hitt’s experiments, the moths in the spring of 
1896 emerged during twenty-three days. 

The overlapping renders the spraying less effective than it would be 
if all the insects were in the same stage at the same time. 

This overlapping is accounted for by the fact that some of the 
insects, being in favorable situations, grow more rapidly, and others, 
in unfavorable places, lag behind. 


CAUSES AND CONDITIONS WHICH AFFECT THE NUMBERS OF 
THIS INSECT. 


There are many natural conditions which tend to decrease the num- 
bers of this insect in the Pacific northwest. Comparatively few of 
the eggs hatch. Infertility, excessive dryness, and the heat of the sun 
seem to be the causes of this. In 1901 thousands of the young larvee 
must have starved on account of not having apples to feed upon. 

No insect parasites were noted in 1901. A bird belonging to the 
creepers was noted at Payette. This bird was very active in hunting 
food on the apple trees, and without doubt destroyed many codling-moth 
larve. Growers in this locality say that the bird is increasing in 
numbers. Many pupz were found to be dried and shrunken, evidently 
killed by excessive dryness. In more humid sections bacterial and 
fungus diseases kill many. But if these unfavorable conditions and 
natural enemies alone are relied upon, almost every apple in an 
orchard in badly infested localities will be wormy. 

There are many reasons which may be assigned for the large num- 
ber and the great destructiveness of the codling moth in Idaho. The 
first and probably the most important fact in this connection is that 
the second generation is more numerous than the first, and does a 
larger part of the injury. This is doubtless due to the climate. It is 
also more difficult to combat this second generation with sprays than 
it is the first. The overlapping of the generation is another fact that 
makes the spraying more difficult. 

One reason for the great destructiveness of the codling moth in Idaho 
may be found in the life history of the insect. A great many of the 
fruit growers have used remedies which are absurd. When the proper 
remedies were used they were not used in the proper manner, and 
hence failure resulted, 
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VIEWS IN ORCHARD OF HON. EDGAR WILSON, SHOWING LOCATION OF APPLE HOUSE 
IN RELATION TO ORCHARD. 
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The absence of remedial measures, use of improper ones, and 
improper use of suitable remedies have resulted in the abundance of 
the insect, and have caused many to be discouraged and to have the 
firm belief that the insect can not be controlled. 

The presence of old, neglected orchards is a source of constant sup- 
ply of the insect, and these orchards render control more difficult. 


PREVENTATIVE MEASURES EMPLOYED AGAINST THE CODLING 
MOTH. 

There has been in the past an idea prevalent among the fruit 
growers of the Pacific northwest that the codling moth can be exter- 
minated. That idea is at present held by only afew. The writer 
has always said that he believed it impracticable to entirely eradicate 
this insect froma large area. In an isolated orchard there are strong 
hopes that it can be done. Next season an attempt will be made to 
exterminate the insect in I. B. Perrine’s orchard at Blue Lakes. 
This orchard is practically isolated and all methods will be used. 

The very best general result that can be expected in Idaho is to 
control the insect so that its ravages will not exceed 10 per cent. 

There are some localities in Idaho where the moth has not yet 
appeared. By keeping all infested fruit and old apple boxes away 
from these localities, immunity may be secured. In other localities 
at high altitudes sudden freezes will sometimes reduce the numbers 
of the insect to such an extent that it takes two or three years for it 
to again become injurious. Fruit growers in these localities should 
use the utmost vigilance, and, at the first appearance of the insect, 
remedies should be applied and the insect exterminated if possible. 

When the wormy fruit is picked in the fall, it always contains 
larvee in different stages. This fruit is stored and the insects com- 
plete their growth and spin their cocoons in the angles of the boxes 
and in cracks in the building. In the spring, immediately after 
emerging, the moths seek the nearest orchard. Where apples are 
stored in great quantity the fruit on the nearest trees is all damaged. 
Two well-marked cases of the results of storing apples were noted in 
Idaho in 1900. In both cases the apples growing nearest the apple 
house (Pl. V) were all wormy. In one case they were evidently 
infested in this way for about 5 rows toward the center and about 15 
rows along the side of the orchard. In 1901 this place was still the 
place of worst infestation in one orchard. These conditions may 
easily be prevented by shipping the apples immediately after picking, 
and destroying the culls. If the fruit must be stored, the windows 
and holes of the storehouse should be screened. The moths will 
collect at these screens and may easily be crushed, or, if the house is 
so tight that they can not escape, they may be left to die. 

Many fruit growers have committed a grave error in regard to the 
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crops of young orchards. The first crop is always small, and many 
do not think it worth while to use means against the moth for that 
season. The next season’s crop is usually larger and always has a 
large percentage of wormy apples. If, however, the grower had 
destroyed most of the worms the previous season, the second crop 
would have suffered but little loss. 

It has often been observed in Idaho that the apples in orchards in 
which the trees were irrigated by flooding were less wormy than 
those in orchards which are irrigated by ditches. Single trees or 
blocks of trees in ground that is continually moist bear less wormy 
fruit than those which are irrigated only occasionally. The only expla- 
nation offered for these facts is that the larva will not spin its cocoon 
in a moist place, and that moisture favors the diseases of the insect. 

Whenever possible, the writer advises that the ground immediately 
around the trees be kept moist, especially when the larve are spin- 
ning their cocoons in greatest numbers. Care must be taken in doing 
this, as too much water will eventually either seriously injure or kill 
the trees. 

The writer has noted many old, neglected orchards in various locali- 
ties where no attempt was made to keep the insect in check. It needs 
no explanation that these orchards furnish a constant supply of moths 
to adjoining orchards, and in that way the loss in the orchard which 
is well cared for is greater than it would be if both received good care. 

In towns and cities many people have in their lawns apple trees 
which also furnish a constant supply of the insects. These people 
wish the trees for shade only and have no desire to raise fruit. The 
writer has approached these people many times when the opportunity 
presented itself, and showed them what they could do to lessen the 
difficulty. The people who desire apple trees for shade only could 
easily destroy all the apples early in the season, and thus no damage 
would be done. 


REMEDIAL MEASURES EMPLOYED AGAINST THE CODLING MOTH. 


To intelligently apply remedial measures necessitates as a first essen- 
tial an accurate knowledge of the life history of theinsect. With this 
as a basis, any fruit grower may adapt the measures employed to his 
circumstances. It will readily be seen that there are certain periods 
in the life of this insect when it is vulnerable, and others when it is 
comparatively safe. 

The few experiments which have been made against the insect show 
that it is impracticable to undertake the destruction of the eggs. 


MEASURES AGAINST THE LARV. 


A large majority of all the remedial measures that have been used 
are against the insect in this stage. 
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SPRAYING. 


Against the young larve entering the fruit, spraying with arsenical 
poisons is most generally used. The object is to place the poison in 
such places that when the young larvze enter the apple they will get 
some of the poison with the first few meals. 


EARLY SPRAYINGS. 


The best time to spray is immediately after the blossoms fall and 
before the lobes of the calyx are closed. By spraying at this time the 
open calyx forms an excellent place to catch the poison, and by the 
closing of the lobes it is retained for some time. As before stated, 
from 80 to 85 per cent of the larva of the first generation enter by 
the calyx. Many cases might be cited showing the efficiency of this 
first spraying. One example will suffice: In the spring of 1901 the 
writer examined two orchards, separated only by a road. One had 
been sprayed thoroughly and other measures had been used; the other 
had not been sprayed, and no other measures had been used. From 
the first generation about 10 per cent of the apples in the sprayed 
orchard were wormy; in the unsprayed orchard 25 to 30 per cent were 
wormy. By count it was determined that in the unsprayed orchard 
83 per cent of the wormy apples had been entered through the calyx, 
while in the sprayed orchard only about 10 per cent of the larvze 
which entered by the calyx had escaped the poison. 

On account of not being able to commence this work in the early 
spring, the writer was unable to make observations upon the hatching 
of the eggs of the first generation. Mr. Hitt furnishes the following 
data: In 1896 the first moths appeared May 5, and they continued to 
emerge until May 25. He also noted that the apple trees were in full 
bloom May 1. In 1901 the moths developed in advance of the 
blooming period. 

Mr. McPherson noted the appearance of the first moths April 23, 
in 1901, and the first eggs May 10, which was about the time that the 
blossoms fell from the Winesap, Jonathan, Golden and Ben Davis 
varieties. 

Investigators in different parts of the country have found that the 
poison stays in the calyx and is effective for at least a week; hence, 
the lateness of the moth offers no difficulty. Exactly what the moths 
do between the time of emerging and egg laying still remains to be 
studied in this locality. Professor Cordley has noted the same state 
of affairs in Oregon, and thinks that the cool nights prevent the moths 
from ovipositing. 

The second spraying should be done about a week or ten days after 
the first. This spraying is intended for late larve of the first 
generation. 
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In cases of very bad infestation, or if extermination is aimed at, 
the writer would recommend a third spraying in this connection. 

The writer has neglected no opportunity to impress upon the fruit 
growers of the Pacific Northwest that the first spraying is by far the 
most important remedial measure against this insect, and has gone 
so far as to state as his belief that one good spraying when the calyx 
is open saves more apples than all of the other remedial measures 


together. 
LATER SPRAYINGS. 


The question of late sprayings is one of the points now under dis- 
cussion among entomologists and horticulturists. The facts gleaned 
from publications, letters, and conversations with those in the best 
position to know are as follows: 

Professor Gillette, of Colorado, writes that in Colorado there are 
some fruit growers who advocate 9 or 10 sprayings, while others 

say that they obtain just as good results with 2 or 3. Professor Gil- 
lette says he has two cases in mind where as good results as one could 
wish were obtained with only 2 sprayings. Hesays he can hardly see 
how more than a slight benefit can be obtained by any spraying after 
the second. 

Professor Card, in his Nebraska bulletin, rather discourages later 
sprayings. 

Prof. M. V. Slingerland, in his bulletin upon this subject, states 
that he can not see how the larve get any of the poison from the side 
of the fruit. 

Professor Washburn, of the Oregon station, concludes that 2 or 3 
sprayings will save from 70 to 80 per cent of the early apples, and 
that 6 sprayings will save from 65 to 70 per cent of the winter apples. 

Professor Cordley says that now he can obtain a much higher 
efficiency. : 

The writer visited the orchard of Olwell Bros., Centralpoint, Oreg., 
and estimated their loss in 1901 to be 5 per cent from the codling 
moth, and Mr. James Olwell told him that the loss was greater than 
in1900. Many other apple growers in southern Oregon are obtaining 
similar results every year. 

Mr. Gus Goelduer, of Boise, Idaho, writes that by spraying he saved 
98 per cent of his apples, and Mr. C. Hinze, of Payette, Idaho, reported 
to the writer in 1900 that by spraying he had saved 95 per cent of his 
apples. Instances of such results, however, must be regarded as 
exceptional and may be deceptive, as account is probably not taken 
of the amount of fallen, wormy apples. It still remains to be proved 
exactly what percentage of apples can be saved by spraying alone 
in badly infested localities. 

This question of later spraying has become one of the most impor- 
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tant features of the control of this insect. The writer has made many 
observations as to the efficiency of the spray. It is a common thing 
in sprayed orchards to find places on the apples where larve had 
entered and, a day or two after entering, had died. This condition 
was found to be much more frequent in sprayed orchards than in those 
which were unsprayed. Without doubt these larvee were killed by 
the spraying. Exactly how and when the larve get the poison is a 
question. As has been stated before, the larve eat but little of the 
skin or flesh of the apple while entering. The cavities in which they 
are found dead are usually of such size that it would take the larvee a 
day or two to make them. Particles of lime are sometimes found in 
these cavities. While seeking a place of entrance the larva may get 
some of the poison, and it may live a day or so after getting the fatal 
dose. Some of the spray may get into the entrance hole and be eaten. 

Soon after dying, the larvee become dry and shrunken and can be 
distinguished only by the presence of the head. 

The writer once noted a case where 70 cent of the larve entering 
in the course of two or three days were found dead. It is extremely 
probable that a considerable part of them died naturally. Many 
other observations were made, but never was such efficiency noted 
again. 

In many orchards that had been well sprayed, hundreds of these 
spots were noted which had been caused by the larvee and upon exam- 
ination no larvee were found. 

In 1901 the writer found a larva which had begun an entrance hole 
and had just died. 

On account of these observations and the general results obtained 
by spraying and banding, the writer has no hesitancy in reeommend- 
ing these later sprayings. Without doubt the efliciency is much less 
than in case of the first spraying, but the writer believes them well 
worth the expense. 

The writer has found that many growers spray when they have 
time and do not take into consideration the stage the insects are in. 
Some spray every three weeks and others spray when they see the 
number of entrance holes increasing. As already shown, the larvee 
are entering more or less all summer; but at two certain periods of 
the season there are many more entering than at other times. One 
can easily see that the theoretically perfect time for spraying would 
be when the larve are entering the fruit in greatest numbers. It is 
therefore essential to recommend simple, practical methods for deter- 
mining this period of greatest entrance. The writer advises every 
one who wishes to spray for the codling moth to keep a daily band 
record on about 4 trees. By a study of this record the maximum can 
be easily found. In the summer this maximum will be found some- 
times between June 25 and July 15. By experiment we have found 
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that the maximum of egg hatching should occur twenty-nine days 
after the time when the greatest number of the preceding generation 
entered the bands. In the record made by Mr. Gibson it will be 
noted that the first maximum occurred June 26, and that by adding 
twenty-nine days we get the date of July 26. As the maximum of 
egg hatching extends over some time, spraying must be done before 
this date in order to get those which are early. In this instance the 
spraying should have been done between July 15 and August 4. 
Observation in the orchard in which the record was taken showed 
the period of greatest number of eggs to be between July 13 and 
~ August 4. 

The writer has never had an opportunity to test this ree ommenda- 
tion thoroughly. Many practical tests were made, and the results of 
these show that it is absolutely essential for highest efficiency to do 
the spraying when the largest number of larvee are entering. The 
writer would advise two thorough sprayings during this period. 
Another may be made if infestation is bad. 


MATERIAL FOR THE SPRAY. 


It is recommended in every case that arsenical sprays be used for 
this work. Paris green is most used in the proportions of 1 pound to 
160 gallons of water with 2 pounds of lime. By the use of this solu- 
tion excellent results are secured, but on account of its cost and liability 
to settle many are abandoning it for the white arsenic compounds. 

London purple is rarely used alone. Mr. Tiner, of Boise, and Olwell 
Brothers, of Centralpoint, Oreg., are using a combination of Paris 
green and London purple. Olwell Brothers use the following propor- 
tion: Water, 120 gallons; Paris green and London purple, 9 ounces 
each; and lime, 2 pounds. Mr. Tiner believes that in this way the 
poisons are kept in suspension better. Such good results are obtained 
that these growers are loth to adopt other compounds. White arsenic 
compounds are being used more and more with results just as good as 
those obtained with other arsenicals. Dr. H. P. Ustick, of Boise, and 
Mr. C. Hinze, of Payette, have used them successfully. Information 
as to the methods of making these sprays have been published in Idaho 
and the fruit growers are familiar with them. 

As far as the writer can learn, lead arsenate has never been used as a 
spray against this insect in the Pacific northwest. The writer believes 
that it will be found excellent, and will use it in experiments next 
season. There are a few fruit growers who use whale-oil soap with 
the sodium arsenite. Many observations were made in connection 
with the use of this mixture to ascertain if it caused the poison to 
remain on the fruit longer. Without doubt this is the case, but the 
soapy solution collects on the under sides of the apples and damages 


ead 


25 


them materially. In one block of Jonathans fully 50 per cent of the 
clean apples had spots caused by the soap. 

It is intended that future work will show exactly which one of these 
arsenites is the most effective. 


EXPENSE OF SPRAYING. 


From the data given by the fruit growers it is found that spraying 
is comparatively inexpensive. ‘The material to spray 2,000 trees costs 
about $5. Orchardists always have teams and men already employed, 
so that the extra expense on account of spraying is very small com- 
pared with the benefit. By the use of a gasoline-power outfit the work 
can be done much more quickly, and, in a large orchard, with less 
expense in the end. When quickly done the cost should be less than 
1 cent per tree per spraying. If inferior appliances are used, or the 
trees are larger than the average, the cost will be greater. Labor is 
the most expensive factor in spraying. 


PicKInG AND Desrroyinc Wormy FRruir. 


While the larvee are feeding in the apples, these may be picked and 
destroyed. This is especially recommended as an effective remedy for 
use early in the season. As has often been shown, thinning the apples 
to 4 inches apart produces a finer quality of fruit and causes the tree 
to bear well each year. It is strongly recommended that in Idaho, 
between June 1 and 15, the fruit be thinned, and that in thinning all 
wormy apples be removed and destroyed. The writer believes it well 
worth while to thin apples in order to kill the codling-moth larve, 
without considering the other advantages. Picking and destroying the 
wormy apples during July and August is too expensive to be of any 
great value in a large commercial orchard. 

In order to get best results, orchards should be cleared of all wind- 
falls as promptly as possible, so that the worms contained may be 
destroyed. In some small orchards it is the practice to allow hogs to 
run in the orchard and pick up the windfalls. It would be an almost 
endless and expensive undertaking to pick up and destroy the wind- 
falls in a large orchard every day or two. The writer does not think 
it worth the expense if the proper precautions are taken in the use of 
the bands. 

The cheapest and most effective way to get rid of culls, windfalls, 
and the apples picked in thinning is to bury them. Water should be 
allowed to run into the holes, and not less than 10 inches or a foot of 
earth should cover the fruit. If the earth is in clods, it will be well 
to pack it. Many observations were made during the season of 1901 
to ascertain the effect of burying in this way. In many cases the larvee 
succumbed to diseases induced by the moisture. Most of them spun 
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cocoons at the surface of the apples, but the moths were unable to 
escape. Larve put in the earth remain a longer time in the cocoon 
than they otherwise would. 


: BANDING. 


When the larvee Jeave the apples and seek a place in which to spin 
their cocoons another point of attack may be taken advantage of by 
furnishing a suitable place for the spinning of the cocoons and by kill- 
ing the worms after they have entered the place. This object is aecom- 
plished by placing cloth bands from 8 to LO inches wide around the 
trunks of the trees. If the trees are large, each of the larger branches 
may also be banded. The bands may be made of any heavy fabrie, 
such as burlap, old clothes, old carpet, etc. The band should be folded 
once lengthwise and placed around the trees about 13 to 2 feet from 
the ground. After placing the band around the tree, a small nail 
should be driven through the ends firmly into the tree. The head of 
the nail should be nipped off. Subsequent removal and replacing of the 
bands may be done more quickly by this method of fastening. 

The number of worms caught under these bands is sometimes aston- 
ishing. (PI IV, fig.2.) It is quite common to find, during a maximum 
period, from 50 to 100 each week for two or three weeks under the 
band on a single large tree. The highest number Professor Aldrich 
records as caught on one tree from July 7 to October 15 is 494. Under 
neglected bands as many as 200 have been found at one time. It is 
found in orchards that have been sprayed and banded that, in Septem- 
ber or the first part of October, the worms are very scarce, thus in a 
way showing the efficiency of the methods. 

Apparently banding is one of the most effective methods, and there 
are two highly essential features that can not be emphasized too 
strongly: (1) All places suitable for spinning cocoons other than bands 
must be removed or rendered unsuitable. The loose bark should be 
scraped from the tree, all holes and cracks in the trees should be filled 
with mud or cement, and the earth around the trees should be kept 
moist during the periods when the worms are most numerous. (2) At 
regular interyals the bands must be examined and all the larvee and 
pupe killed. The interval between examinations of the bands recom- 
mended heretofore has been six or seven days. During the summer 
of 1901 the writer, by numerous experiments and observations, found 
that every ten or eleven days is often enough to kill the worms. This 
extension of time between the changing of the bands reduces the cost 
of banding considerably, as instead of 14 or 15 changes of bands there 
is need of only 10 or 11. 

Many methods have been devised for killing the larvee, but the most 
rapid and effective is either to crush them or cut them in two with a 
knife. 
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At the suggestion of Hon. Edgar Wilson the writer again experi- 
mented with Paris green in and under the bands to find whether or not 
the worms would get any of the poison and be killed. Five bands 
were thoroughly soaked in a strong solution of Paris green and a 
large quantity of the dry poison was dusted on 10 others. These 
were placed upon trees and examined every day or two. Not a single 
larva was found dead. Many were found to have spun their cocoons 
in the poison which was laying in the crotches of the trees. 

Bands should be placed upon the trees not later than the middle of 
June and should not be finally removed until about a week after the 
crop has been harvested. By a close watch on a few bands one can 
tell when the worms begin to descend in the spring. After the first 
week in September it is found that very few, if any, larve change to 
pupe and emerge. It is not advisable to let any bands stay on the 
trees all winter, as they rot, and the cost of bands is a considerable 
item in a large orchard. 

Many fruit growers believe that under favorable circumstances they 
can save almost half their crop by banding alone. 

It is strongly urged that, late in the fall, during the winter, or early 
in the spring, the orchard be examined, and all the larvee found in 
crevices and under the bark of the trees killed. 


MEASURES AGAINST THE ADULT. 


TRAP LANTERNS. 


Considerable effort has been made to put the facts about trap lan- 
terns before the Idaho apple growers. The agent for a patented trap 
sold 240 in Boise and vicinity. He claimed that he caught 6 codling 
moths in one night. A majority of the growers who bought these 
traps found out for themselves that this method is useless. A very 
few still advocate its use. The writer did not think the method worthy 
of experiment. 

BAITING THE MOTH. 


One fruit grower at Mountainhome uses buckets of cider or vinegar, 
with which he says he catches large numbers of codling moths. Dr. 
Riley’s experiences show that these catchings must have been acci- 
dental. The writer set out some of these cider buckets and in two 
weeks while the moths were flying caught but few. The notes on the 
experiment were misplaced, but the writer remembers that about 10 
codling moths were caught and many Noctuids. At best the results 
of the method would in no way be commensurate with the expense. 


RESUME AND CONCLUSION. 


As has been before stated, the codling moth can not be exterminated 
throughout the Pacific northwest. Reduction of the damage with 
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least expense has been the object in view. The writer believes that 
by the intelligent use of the methods herein given the moth can be so 
well controlled that the injuries will be between 2 and 10 per cent. 
With the insect under control, it will not be necessary to use all of 
these measures every year. 

The writer has never had the opportunity of putting all of these 
recommendations into practice in one orchard. This would have been 
done had it not been for the freeze of 1901. Advice was given many 
times as to the treatment of orchards and the results were noted as far 
as possible. Some of the successes are here given: 

M. A. Kurtz, Nampa, Idaho, has an orchard of about 2,500 trees, 
many of which are stunted partly on account of lack of care. In 1898 
there was less than a full crop, about 50 per cent being damaged; in 
1899 there was a full crop, but only 100 boxes of clean apples were 
harvested. In 1900 there was about one-fourth of a crop, and all were 
wormy. In 1901 Mr. Gibson, in charge, began good cultivation, spray- 
ing, and banding. ‘There was probably over a half crop. The trees 
were all sprayed with Paris green four times, and a majority of them 
a fifth time. Bands were well attended to. The writer visited the 
orchard frequently during the season, the last visit being made the 
latter part of September, when the fruit was estimated to be damaged 
as follows: Ben Davis, 5 per cent; Steele’s Winter Red, 10 per cent, 
and Blue Pearmain, 25 per cent. A few Ben Davis trees showed 10 
per cent of damage. <A large amount of the fruit was undersized. 
~The writer could not get figures after the crop was harvested, but he 
believes the work done against the codling moth was quite successful. 
The only cause of uncertainty was the fact that the crop was small 
the year before, and the insect might possibly have been reduced 
on this account. : 

Hon. Edgar Wilson has an orchard (PI. V) near Boise, containing 
about 4,000 trees, about 2,000 of which were bearing. There was a 
light crop of Jonathans and about one-half crop of Ben Davis. Only 
the early sprayings were made, and they were well done. Bands 
were well attended to. The later sprayings were not made, and the 
bulk of the injury was done by the second generation. Not over 40 
per cent of the apples in this orchard were free from worms. In 1900 
from 85 to 90 per cent were saved. 

Mr. Tiner, of Boise, has about 400 trees, in a badly infested locality. 
Spraying and banding were well done, but only about 30 per cent of 
the fruit was saved. In 1900, 80 per cent was the amount saved. 

The losses in many other well-treated orchards with small crops 
varied from 20 to 80 per cent. In those orchards where the loss was 
higher only partial measures were used. In untreated orchards in 
badly infested localities the loss was always about 100 per cent. The 
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reason of these excessive losses, even when the best measures were 
used, may be accounted for by the fact that the freeze killed a large 
percentage of the fruit, while the moths survived. 

Olwell Brothers, of Oregon, spray every three weeks during the sea- 
son, and the writer examined the orchard in October and estimated 
only 5 per cent loss from the codling moth. 

The writer feels grateful to the Idaho growers for the way they 
have adopted his recommendations. Plans have been partially made 
for next season’s work. In general, the plans are to select one or two 
typical badly infested orchards and there apply remedial and _pre- 
ventive measures to demonstrate exactly what can be done against the 
insect. The writer has no fears that the results will not substantiate 
all that is claimed for the remedial measures. 
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